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SPECIAL 





Edge Index by Function 


Here is the new Special Function Analog and Digital Circuits data book. It contains detailed 
information for specifying and applying special amplifiers, buffers, clock drivers and analog 
switches. 

For information regarding newer devices introduced since the printing of this handbook, or for 
further information on the listed parts, please contact our local representative, distributor or 
regional office. 


Amplifiers 

Buffers 

Sample and Hold Amplifiers 

Comparators 
Analog Switches 
Mos Clock Drivers 
Digital Drivers 

Power Supplies 
Physical Dimensions 


National does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied; and National reserves the right, at any time without notice, to change said circuitry, 
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Ordering Information 

For available packages, consult each data sheet. Then refer to the package drawings in the back of the catalog. 
The ordering information for National devices covered in this catalog is as follows: 

LH 0033 G 

PACKAGE 
DEVICE NUMBER 
DEVICE FAMILY 




DEVICE FAMILY 

AH — Hybrid Analog Switch 
AM — Monolithic Analog Switch 
DH - Hybrid Digital Driver 
LH — Hybrid Linear Circuit 
MH - Clock Driver 
PSM — Power Supply Module 
SHM - Sample and Hold Module 

DEVICE NUMBER 

4, 5, or 6 digit number. 

Suffix Indicators: 

A — Improved Electrical Specification 
C — Reduced Temperature Range 


PACKAGE 

D — Glass/Metal Dual-ln-Line Package 
F — Flat Package 
G - TO-8 (12 lead) Metal Can 
H - TO-5 (multi-lead) Metal Can 
J — Glass/Glass Dual-ln-Line Package 
N — Molded Dual-ln-Line Package 
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MILITARY TEMPERATURE RANGE: -55°C to +125°C 


Device 

Input 

Offset 

Voltage 

Max 

(mV) 

Input 

Offset 

Voltage Drift 
Typ 

OiV/°C) 

Input 

Offset 

Current 

Max 

(nA) 

Input 

Bias 

Current 

Max 

(nA) 

Voltage 

Gain 

Min 

(Volts/V) 

Bandwidth 
Ay = 1 

Typ 

(MHz) 

Slew Rate 
Ay = 1 
TYP 

(V/jLts) 

Output 

Current 

(mAi 

Supply Voltage 
Min Max 

(V) (V) 

Common 

Mode 

Range 

(V) 

Differential 

Input 

Voltage 

(V) 

Supply 

Current 

Max 

(mW) 

Compensation 

Components 

Package Types 

LH0001 

1 

4 

20 

100 

25,000 

1 

.25 

±5 

+5 

±20 

±v s 

±7 

.5 

2 

TO-5 

LH0001A 

2.5 

3 

20 

100 

25,000 

1 

.25 

+ 5 

±5 

±20 

±V S 

±7 

.5 

2 

TO-5 DIP F.P. 

LH0002 

30 

(Note 2) 

10 x 10 3 

10 4 

.95 

50 

100 

±100 

±5 

±22 

±V S 

(Note 2) 

100 

0 

TO-5 DIP 

LH0003 

3 

4 

200 

2000 

15 

30 

(Note 1) 

30 

(Note 1) 

±50 

±5 

±20 

±V S 

±7 

30 

2 

TO-5 

LH0004 

1 

4 

20 

100 

30 

1 

.25 

±15 

±5 

±45 

±V S 

±7 

1.5 

2 

TO-5 

LH0005 

10 

20 

20 

50 

2 

30 

(Note 1 ) 

20 

(Note 1) 

±50 

±9 

±20 

±V S 

±15 

90 

3 

TO-5 

LH0020 

2.5 

10 

50 

250 

100,000 

1 

.25 

±40 

±5 

±22 

±V S 

±30 

50 

2 

TO 5 

LH0021 

3 

3 

100 

300 

100,000 

1 

3 

±1000 

±5 

±18 

±v s 

±30 

35 

0 

TO-3 

LH0022 

4 

5 

.002 

.01 

100,000 

1 

3 

+ 10 

±5 

±22 

±v s 

±30 

35 

0 

TO-5 DIP F.P. 

LH0024 

4 

20 

3 x 10 3 

20 x 10 3 

4000 

50 

400 

±100 

.±9 

±18 

±V S 

±5 

252 

1 

TO-5 

LH0032 

5 

25 

.01 

.02 

1000 

50 

500 

±100 

±5 

±18 

±V S 

±30 

200 

2 

TO-8 

LH0033 

10 

(Note 3) 

(Note 3} 

.1 

.97 

(Note 3) 

100 

1500 

±100 

±5 

±20 

±V S 

(Note 3) 

220 

0 

TO-8 8 PIN J 

LH0041 

3 

3 

100 

300 

100,000 

1 

3 

±200 

±5 

±18 

±V S 

±30 

35 

0 

TO-8 8 PIN J 

LH0042 

20 

5 

.005 

.025 

50,000 

1 

3 

±10 

±5 

±22 

±V S 

±30 

35 

0 

TO-5 DIP F.P. 

LH0052 

.5 

2 

.0001 

.001 

1 00,000 

1 

3 

±10 

±5 

±22 

±v s 

±30 

25 

0 

TO-5 DIP 

LH0061 

4 

5 

100 

300 

50,000 

15 

70 

±500 

±5 

±18 

±v 5 

(Note 4) 

100 

1 

TO-3 

LH0062 

5 

5 

.001 

.025 

50,000 

15 

70 

±6 

±5 

±20 

±V S 

±30 

80 

0 

TO-5 DIP 

LH0063 

25 

(Note 1) 

(Note 3) 

.2 

.96 

(Note 3) 

150 

6000 

±400 

±5 

±18 

±V S 

(Note 3) 

500 

0 

TO-3 

LH2101A 

3 

15 

20 

100 

50k 

1 

.5 

7.5 

±3 

±22 

±12 

±30 

3 

1 

DIP F.P. 

LH2108 

3 

15 

.4 

3 

50k 

1 

.3 

1 

±2 

±20 

±14 

(Note 4) 

.6 

1 

DIP F.P. 

LH2108A 

1 

5 

.4 

3 

80k 

1 

.3 

1 

±2 

±20 

±14 

(Note 4) 

.6 

1 

DIP F.P. 

LH2110 

6 

12 


10 

.999 

20 

30 

1 

±5 

±18 

±10 


5.5 

0 

DIP F.P. 

LH 24250 

4 

* 

5 

15 

100k 

.25 

.16 

.75 

±1 

±18 

±12 

±15 

.03 set 

0 

DIP F.P. 


Note 1: Specified for Ay = 10. Note 3: Voltage follower. 

Note 2: Current booster. Note 4: Inputs have shunt-diode protection; current must be limited. 

*Not specified. 
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Industrial Hybrid Op Amp Selection Guide 








NDUSTRIAL 

TEMPERATURE RANGE: -25° 

C to +85°C 






Device 

Input 

Offset 

Voltage 

Max 

[mV) 

Input 

Offset 

Voltage Drift 
Typ 

<iuvrc> 

Input 

Offset 

Current 

Max 

(nA) 

Input 

Bias 

Current 

Max 

(nA) 

Voltage 

Gain 

Min 

(Volts/V) 

Bandwidth 
A v = 1 
Typ 
(MHz) 

Slew Rate 
A v - 1 
Typ 
IV/ms) 

Output 

Current 

(mA) 

Supply Voltage 
Min Max 

(V) (V) 

Common 

Mode 

Range 

(V) 

Differential 

Input 

Voltage 

(V) 

Supply 

Current 

Max 

(mW) 

Compensation 

Components 

Package Types 

LH0001AC 

5 

3 

60 

200 

.25 

1 

.25 

±5 

±5 

±20 

±V S 

±7 

1.3 

2 

TO-5 DIP F.P. 

LH0002C 

30 

(Note 2) 

10 x 10 3 

10 4 

.95 

(Note 2) 

50 

100 

±100 

+ 5 

±22 

±V S 

(Note 2) 

100 

0 

TO-5 DIP 

LH0003C 

3 

4 

200 

2000 

1 5,000 

30 

(Note 1) 

30 

(Note 1) 

+ 50 

+ 5 

±20 

±V S 

±7 

30 

2 

TO-5 

LH0004C 

1.5 

4 

45 

120 

30,000 

1 

.25 

±15 

+ 5 

±45 

+ V S 

±7 

1.5 

2 

TO-5 

LH0005C 

10 

25 

25 

100 

2000 

30 

(Note 1 ) 

20 ■ 
(Note 1) 

±50 

>9 

±20 

±V S 

±15 

90 

3 

TO-5 

LH0020C 

6 

10 

200 

500 

50,000 

1 

.25 

+ 100 

+ 5 

+ 18 

±V S 

±30 

50 

2 

TO-5 

LH0021C 

6 

5 

200 

500 

100,000 

1 

3 

±1000 

+ 5 

±18 

±V S 

±30 

40 

0 

TO-3 

LH0022C 

6 

5 

.005 

.025 

75,000 


3 

no 

±5 

±22 

±v s 

±30 

24 

0 

TO-5 DIP F.P. 

LH0024C 

8 

25 

5 x 1 0 3 

22 x 10 3 

3500 

50 

400 

±100 

±9 

+ 18 

±v s 

±5 

252 

1 

TO-5 

LH032C 

15 

25 

.02 

.5 

700 

50 

500 

±100 

±5 

+ 20 

±v s 

±30 

220 

2 

TO-8 

LH0033C 

20 

(Note 3) 

(Note 3) 

.15 

.96 

(Note 3) 

100 

1500 

± 1 00 

±5 

+20 

±V 5 

(Note 3) 

240 

0 

TO-8 8 PIN J 

LH0041C 

6 

5 

200 

500 

100,000 

1 

3 

±200 

+ 5 

±18 

±V S 

±30 

40 

0 

TO-8 8 PIN J 

LH0042C 

20 

10 

.01 

.05 

25,000 

1 

3 

+ 10 

±5 

±22 

±v s 

±30 

28 

0 

TO-5 DIP F.P. 

LH0052C 

1 

5 

.0002 

.005 

75,000 

1 

3 

±10 

±5 

±22 

±V S 

+ 30 

30 

0 

TO-5 DIP 

LH0061C 

10 

5 

200 

200 

25,000 

15 

70 

±500 

±5 

±18 

±v s 

(Note 4) 

150 

1 

TO-3 

LH0062C 

15 

10 

.002 

.065 

25,000 

15 

70 

±6 

±5 

+20 

±v s 

±30 

120 

0 

TO-5 DIP 

LH0063C 

50 

(Note 3) 

(Note 3) 

.2 

.96 

(Note 3) 

150 

6000 

±400 

±5 

±18 

±v s 

(Note 3) 

500 

0 

TO-3 

LH2201A 

2 

15 

20 

75 

25k 

1 

.5 

5 

±3 

±22 

±12 

±30 

3 

1 

DIP F.P. 

LH2208 

2 

15 

.2 

2 

50 k 

1 

.3 

1 

±2 

±20 

±14 

(Note 4) 

.4 

1 

DIP F.P. 

LH2208A 

.5 

5 

.2 

2 

80k 

1 

.3 

1 

±2 

±20 

±14 

(Note 4) 

.4 

1 

DIP F.P. 

LH2210 

4 



3 

.999 

20 

30 

1 

±5 

±18 

±10 


5.5 

0 

DIP F.P. 



Note 

Note 

1: Specified for Ay = -10 
2: Current booster. 



Note 3: 
Note 4: 

Voltage follower. 

Inputs have shunt-diode 

protection; 

current must be 

limited. 





epmg uoj}3d|8S diuv do p;jqA|-| |eu;snpu| 




Commercial Hybrid Op Amp Selection Guide 


COMMERCIAL TEMPERATURE RANGE: 0°C<T A <+7(fC 


Device 

Input 

Offset 

Voltaget 

Max 

(mV) 

Input 

Offset 

Voltage Drift 
Max 

tuV/ ! 'C) 

Input 

Offset 

Currentt 

Max 

(nA) 

Input 

Bias 

Currentt 

Max 

(nA) 

Voltage 

Gaint 

(Volts/V) 

Bandwidth 
A v = 1 
Typ 
(MHz) 

Slew Rate 
A v = 1 
Typ 
(V/^s) 

Output 

Current 

Max 

(mA) 

Supply Voltage 
Min Max 

Typ Typ 

(V) (V) 

Common 

Mode 

Range 

(V) 

Differential 

Input 

Voltage 

(V) 

Supply 

Currentt 

Max 

(mA) 

Compensation 

Components 

Package Types 

LH2301A 

7.5 

30 

50 

250 

25k 

1 

.5 

5 

±3 

118 

±12 

±30 

3 

1 

DIP F.P. 

LH2308 

7.5 

30 

1 

7 

25k 

1 

.3 

1 

±2 

118 

±14 

(Note 1 1 

.8 

1 

DIP F.P. 

LH2308A 

.5 

5 

1 

7 

80k 

1 

.3 

1 

.12 

±20 

±14 

(Note 11 

.8 

1 

DIP F.P. 

LH2310 

7.5 

* 

* 

7 

.999 

20 

30 

1 

±5 

±18 

±10 

* 

5.5 

0 

DIP F.P. 

LH24250C 

6 


10 

30 

75k 

.25 

.16 

.75 

±1 

±18 

±12 

±15 

.03 set 

0 

DIP F.P. 


‘Not specified. 

Guaranteed at +25' J C, Note 1: Inputs have shunt-diode protection; current must be limited. 
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FET Op Amp Cross Reference Guide 


DEVICE NO. 

PACKAGE 

NEAREST NATIONAL 
EQUIVALENT 

Analog Devices 




AD503-IJ, K) 

TO-5 

LH0042C pm 

for pm 

AD503-IS) 

TO-5 

LH0042 pm 

for pm 

AD506-I J, K) 

TO-5 

LH0022C pm 

for pm 

AD506-IS) 

TO-5 

LH0022C * pm 

for pm 

AD51 1 

MOD 

LH0042C 


AD513-IJ, K) 

TO-5 

LH0042C* pm for pin 

AD513-IS) 

TO-5 

LH0042 ' pm 

for pm 

AD516-I J, K) 

TO-5 

LH0022C * pm 

for pin 

AD516-IS) 

TO-5 

LH0022 * pin 

for pm 

ADP517 

MOD 

LH0042C 


M501-IA, B, C,) 

TO-8 

LH0022C 


40- ( J. K.) 

TO-8 

LH0O42C 


41-tJ, K, L) 

MOD 

LH0052C 


42-1 J, K, L) 

MOD 

LH0052C 


43-IJ) 

MOD 

LH0022C 


44-1 J, K) 

MOD 

LH0062C 


45-1 J, K) 

MOD 

LH0062C 


142-IA, B, C) 

MOD 

LH0042C 


146-1 J, K! 

MOD 

LH0022C 


149-IJ, K| 

MOD 

LH0062C 



'These amps use feedforward compensation to boost slew 
rate Fo r true high slew rate amp see LH0062/LH0062C 


Bell and Howell 

20-008 
20-108 
20 208 
20-248 


MOD 
MOD 
TO 8 
TO -8 


LH0042C 

LH0042C 

LH0022 

LH0022C 


3307/1 2C 

MOD 

LH0042C 

3308/ 12C 

MOD 

LH0042C 

3312/12C 

MOD 

LH0042C 

3313/1 2C 

MOD 

LH0042C 

3341/1 5C 

MOD 

LH0032C 

3342/1 5C 

MOD 

LH0032C 

3348/03 

MOD 

LH0052C 

3349/03 

MOD 

LH0026C 

3350/03 

MOD 

LH0042C 

3400-1 A, B) 

MOD 

LH0032C 

3401-IA, B) 

MOD 

LH0062C 

3402-1 A, B) 

MOD 

LH0062C 

3403-IA, B) 

MOD 

LH0042C 

3420-1 J, K, L) 

MOD 

LH0052C 

3421-1 J, K, L) 

MOD 

LH0052C 


DEVICE NO. 

PACKAGE 

NEAREST NATIONAL 
EQUIVALENT 

DEVICE NO. 

PACKAGE 

NEAREST NATIONAL 
EQUIVALENT 

Fairchild 



Silicomx 



U5B774031? 



LI 20 A 

TO-5 

LH0042 

(pA740) 

TO-5 

LH0042 pin for pin 

L120C 

TO-5 

LH0042C 

U5B7740393 



L137AA 

TO-5 

LH0022 

l(uA740C) 

TO-5 

LH0042C pm for pin 

L137CA 

TO-5 

LH0022C 




Teledyne Semiconductor (Amelcol 




2404 BG 

TO-8 

LH0042C 




2405BG 

TO-8 

LH0042C 

A100 

MOD 

LH0042C 

2709BG 

TO-8 

LH0042C 

A101 

MOD 

LH0042C 

2809 BG 

TO-8 

LH0042C 

A102 

MOD 

LH0022C 

2740BE 

TO-5 

LH0042C 

A 103 

MOD 

LH0022C 

2841 BE 

TO-5 

LH0042C 

A122 

MOD 

LH0052 

2741 BF 

TO-8 

LH0042C 

A123 

MOD 

LH0052 

2741 BH 

TO-8 

LH0042C 

A125 

MOD 

LH0052C 




A130 

MOD 

LH0062C 




A131 

MOD 

LH0062C 

Teledvne Nexus Phillrick 


A136 

MOD 

LH0062C 




A137 

MOD 

LH0062C 

QFT 

MOD 

LH0042C 

A148-IA, B, C) 

MOD 

LH0042C 

QFT 

MOD 

LH0042C 

A 1026 

MOD 

LH0022C 

QFT 2B 

MOD 

LH0052C 

A1027 

MOD 

LH0022C 

QFT-5 

MOD 

LH0042C 




QFT 5 

MOD 

LH0042C 




Q25AH 

TO-8 

LH0042C 




PP25A 

MOD 

LH0042C 




1003 

MOD 

LH0052C 

Intersil 



100301 

MOD 

LH0052C 

ICH8500 

TO-5 

LH0052 pm for pm 

1006 

MOD 

LH0042C 

ICH8500A 

TO-5 

LH0052 pin for pm 

1008 

MOD 

LH0042C 

ICH8500C 

TO-5 

LH0052C pin for pm 

1009 

MOD 

LH0042C 

ICL8007C 

TO-5 

LH0042C pm for pm 

100901 

MOD 

LH0042C 

ICL8007M 

TO-5 

LH0042 pm for pin 

1 00902 

MOD 

LH0042C 

ICL8007AM 

TO-5 

LH0042 pm for pm 

1011 

MOD 

LH0062C 

ICL8007AC 

TO-5 

LH0042C pm for pm 

101101 

MOD 

LH0062C 




101102 

MOD 

LH0062C 




1019 

MOO 

LH0032C 




1021 

MOD 

LH0022C 




1023 

MOD 

LH0052C 

OEI 



102301 

MOD 

LH0052C 




1025 

MOD 

LH0032C 

9714 

MOD 

LH0042C 

1408 

MOD 

LH0052C 

9715 

MOD 

LH0062C 

140801 

MOD 

LH0052C 

9716 

MOD 

LH0042C 

140802 

MOD 

LH0052C 

9717 

MOD 

LH0042C 

140810 

TO-8 

LH0052C 

9718 

MOD 

LH0062C 

1402 

TO-8 

LH0042C 

9720 

MOD 

LH0032C 

140201 

TO-8 

LH0042C 

9721 

MOD 

LH0042C 

140202 

TO-8 

LH0042C 

9723 

MOD 

LH0032C 

1407 

TO-8 

LH0042C 




140701 

TO-8 

LH0042C 

Signetics 



1414 

MOD 

LH0062C 

SU536T 

TO-5 

LH0042C pin for pm 

141410 

DIP 

LH0062C 

SU740C 

TO-5 

LH0042C pm for pm 

1421 

TO-5 

LH0042C 


DEVICE NO 


Zeltex 

ZA801 -ID1 , El) 
ZA801 (Ml, M2) 
ZA801 (M3) 
ZA801-IT1) 
ZA802-IM1 . M2) 
Z A803-IM1 ) 
ZA804-IM1 , M2) 
Z A903-(M1 , M2) 

133 

1 33-03 
1 33-04 

134 

1 34D 

135 


NEAREST NATIONAL 
EQUIVALENT 


DIP 

DIP 

DIP 

TO-8 

MOD 

MOD 

MOD 

MOD 

MOD 

MOD 

MOD 

MOD 

MOD 

MOD 


LH0042C 

LH0042C 

LH0022C 

LH0042C 

LH0022C 

LH0052C 

LH0042C 

LH0052C 

LH0022C 

LH0052C 

LH0022C 

LH0042C 

LH0042C 

LH0062C 
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Analog Switch Cross Reference Guide 


National also builds analog switches to custom or pin-for-pin second source requirements. Consult your local National sales office. 


DEVICE 

NUMBER 

FUNCTION 

NATIONAL 

FUNCTIONAL 

EQUIVALENT 

DEVICE 

NUMBER 

FUNCTION 

NATIONAL 

FUNCTIONAL 

EQUIVALENT 

Siliconix (Con't) 



Teledyne Semiconductor (Ametco) 


DG125 

Obsolete - see DG501 

AM3705 

2107BE 


SPST - 100 ohm 

1/2 AH0126 

DG126 thru 

TTL Compatible - JFET 

AH0126 thru 

2110BE 


SPST - 500 ohm 

1/2 AH0126 

DG164 Series 

Analog Voltage Switches 

AH0164 Series 

2114BF 


SPDT - 100 ohm 

AH21 14 (pin for pin) 



(pm for pm - see note 1 ) 

2126BG 


SPDT - 500 ohm 

AH0162 

DG169 

Obsolete - see DG1 73 

AH0014 

2127BG 


DPST - 500 ohm 

AH0152 

DG171 

SPST - 100 ohm 

AM 1000 

21288G 


Quad SPST - 500 ohm 

2-AH01 52 

DG172 

4CH MUX - 400 ohm 

AH0015 

2130BG 


Dual SPST — 50 ohm 

AH0152 

DG173 

DPDT - 400 ohm 

A H 00 1 4 

2137BF 


SPDT - 200 ohm 

AH0146 

DG175 

SPDT - 200 ohm 

1/2 AH0015 

2138BE 


Dual SPST — 500 ohm 

NS8035 (p n for pin) 

DG181 

Dual SPST - 30 ohm 

AH0133 

2139BE 


Dual SPST — 500 ohm 

AH0152 

DG182 

Dual SPST - 80 ohm 

AH0134 

2141 BF/BH 

Dual SPST — 500 ohm 

AH0152 

DG184 

Dual DPST - 30 ohm 

AH0129 

2145BE 


Dual SPST - 50 ohm 

AH0152 

DG185 

Dual DPST - 80 ohm 

AH0126 

2147BE 


Dual SPST - 500 ohm 

AH0152 

DG187 

SPDT - 30 ohm 

AH0144 





DG188 

SPDT - 80 ohm 

AH0143 





DG190 

Dual SPST - 30 ohm 

2-AH0144 



DG191 

Dual SPDT - 80 ohm 

2-AH0143 





DG400 Series 

Dual SPDT — 80 ohm 

See note 2 

TMS6000 

10CH MOS MUX 

AM3705 

DG501 

8CH MUX - 200 ohm 

AM3705 

TMS6002 

6CH MOS MUX 

AM2009 

DG502 

Dual 4CH MUX - 200 ohm 

2-AH001 5 

TMS6005 

6CH MOS MUX 

AM 2009 

DG503 

8CH MUX - 400 ohm 

AM3705 

TMS6009 

6CH MOS MUX 

AM2009 (pm for pm) 

DG506 

8CH MUX - 400 ohm 

AM3705 





DG507 

8CH MUX - 400 ohm 

AM3705 





DG510 

8CH MUX - 400 ohm 

AM3705 





DG511 

Dual 4CH MUX - 400 ohm 

2-AH001 5 





G114 thru 

Multiple P MOS Transistors 

MM450 thru MM454 Senes 





G124 Series 


and AM 2009 





G125 thru 

Multiple J-FET Transistors 

AH5009 thru 





G1 35 Series 


AH5024 Series 





SI3001 

DPST - 500 ohm 

1/2-AH0019 





SI 3002 

SPDT - 500 ohm 

1/2-AH0015 





SI3705 

8CH MUX - 400 ohm 

AM3705 (pin for pin) 





Teledyne - Crystalonics 






CAG6 

SPST - 100 ohm 

1/2-AH0134 

Note 1 : 

These devices have additional letter designations after part numbers. 

CAG7 

SPDT - 100 ohm 

AH0143 


National's corresponding pkg and temp range codes are: 

CAG10 

SPST - 500 ohm 

AM 1000 





CAG13 

Dual SPST - 500 ohm 

AH0134, 1/2 AH0015 


Intersil & 


CAG14 

SPST - 500 ohm 

AM 1000 


Siliconix 

National 

CAG20 

Dual SPST — 500 ohm 

AH0134, 1/2 AH0015 


Designations 

Designations 

CAG21 

Dual DPST - 50 ohm 

AH0154 


Letter "A" = Military temperature range = No letter 

CAG22 

Dual DPST - 300 ohm 

AH0154, AH0019 


Letter 

’B" = Industrial temperature range = Letter "C" 

CAG23 

Dual DPST — 500 ohm 

AH0019 


Letter 

"L ’ = Flatpack 


CAG24 

Dual SPST — 300 ohm 

AH0134, 1/2 AH0015 


Lette 



CAG27 

Dual SPST - 100 ohm 

AH0134 





CAG30 

SPST - 600 ohm 

1/4 AH0015 


F | 


CAG513 

Dual SPST - 500 ohm 

1/2 AH0015 


amp 


CDA1 

SPST - 100 ohm 

1/2 AH0134 


DG129AL 

= AH0129F (pin for pin) 

CDA2 

Dual SPST — 300 ohm 

1/2 AH0015 


DG134BP 

= AH0134CD (pin for pin) 

CDA4 

SPST - 100 ohm 

1/2 AH0134 





CDA5 

SPST - 200 ohm 

1/2 AH0134 

Note 2: 

'400'' series used to denote industrial temperature range product. 

CDA6 

SPST - 100 ohm 

1/2 AH0134 



CDA11 

SPST - 100 ohm 

1/2 AH0134 





CDA18 

SPST - 50 ohm 

AM 1000 


Example: DG426 = DG126B = 

AH0126C. 


DEVICE 

NUMBER 


NATIONAL 

FUNCTIONAL 

EQUIVALENT 


Dixon 

DAS2114 

DAS2126 

DAS2128 

DAS2132 

DAS2133 

DAS2136 

DAS2137 


Fairchild 

A3F3700 (xxx) 
A313701 (xxx) 
A6J3705 (xxx) 
A6J3708 (xxx) 
HAG3001 (1 xx) 
HAG3002 (xxx) 


SPDT - 100 ohm 
SPDT - 50 ohm 
Q ad SPST - 50 ohm 
Dual SPST - 50 ohm 
Dual SPST - 50 ohm 
Dual SPST - 50 ohm 
Dual SPST - 50 ohm 


4CH MOS Switch 
6CH MOS MUX 
8CH MOS MUX 
8CH MOS MUX 
4PST (Obsolete) 
SPDT - 400 ohm 


General Instrument 
MEM2009 
MEM2017 
MEM3705 
NC450 
NC451 
NC2114 
NC2126 
NC2137 


6CH MOS MUX 
6CH MOS MUX 
8CH MUX with Decode 
Dual SPST - 500 ohm 
Dual SPST - 100 ohm 
SPDT - 100 ohm 
SPDT — 50 ohm 
SPDT - 20 ohm 


Intersil 
IH5001 
I H 5002 
I H 5003 
I H 5004 
IH5009 thru 
IH5024 Senes 
DG126 thru 
DG164 Series 


Siticonix 

DG110 

DGM111 

DG112 

DG116 

DG118 


DG120 

DG121 

DGM122 

DGM123 


SPST - 30 ohm 
SPST - 50 ohm 
Dual SPST - 30 ohm 
Dual SPST - 50 ohm 
TTL Compatible - JFET 
Analog Current Switches 
TTL Compatible - JFET 
Analog Voltage Switches 

Multiple P-MOS Transistors 


Dual SPST - 400 ohm 
Dual SPST — 400 ohm 
Dual SPST — 400 ohm 
Obsolete - see DG172 
Obsolete - see DG172 
Obsolete — see DG502 
Obsolete - see DG502 
Dual 2CH MUX - 400Si 
Obsolete - see DG501 


AH2114 (pin for pin) 

AH0162 

2-AH0152 

AH0152 

AH0152 

AH0152 

AH0152 


MM450 Series 
AM2009 

AM3705 (pin for pin) 
AM3705 (pin for pin) 
AH0015 

AH0014, AH0019 


AM2009 (pin for pin) 
AM 2009 (pin for pin) 
AM3705 (pin for pin) 
AH0152 
AH0134 

AH2114 (pm for pm) 

AH0162 

AH0146 


1/2 AH0133 
1/2 AH0152 
AH0133 
AH0152 
AH 5009 thru 

AH5024 Series (pin for pin) 
AH0126 thru 
AH0164 Series 
(pin for pin — see note 1 ) 
MM450 thru MM454 Series 
and AM 2009 


1/2 AH0015 
1/2 AH0015 
1/2 AH0015 
1/2 AH0015 
AH0015 
AH0015 
2-AH001 5 
AH0015 
AM3705 
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Application Note Guide 


Many of the products included within this catalog are described in one or more of the follow- 
ing application notes. Copies are available through your local National Sales Office. 


NH0002 Current Amplifier 

MOS Clock Driver 

High-Speed MOS Commutators 

Analog-Signal Commutation 

How to Bias the Monolithic JFET Dual 

MOS Analog Switches 

Applications for a New Ultra-High Speed Buffer 

Pin Diode Drivers 

High Speed Analog Switches 

New Design Techniques for FET Operational Amplifiers 
Applications for a High Speed FET Operational Amplifier 
Applying Modern Clock Drivers to MOS Memories 
MOS Clock Savers 
MOS Clock Drivers 


XIV 





Amplifiers 


LH0001* low power operational amplifier 


general description 

The LH0001 is a general purpose operational 
amplifier designed for extremely low quiescent 
power. Typical NO-load dissipation at 25 C is 
2 milliwatts at V s = ±15 volts, and 0.5 milliwatts 
at V s = ±5 volts. Even with this low power dissipa- 
tion, the LH0001 will deliver ±10 volts into a 2K 
load with ±15 volt supplies, and typical short cir- 
cuit currents of 20 to 30 milliamps. Additional 
features are: 

■ Operation from ±5V to ±20V 

■ Very low offset voltage: typically 200 juV 
at 25° C, 600 juV at -55°C to 1 25°C 


■ Very low input offset current: typically 3 nA 
at 25° C, 6 nA at -55°C 

■ Low noise: typically 3 /xV rms 

■ Frequency compensation with 2 small capacitors 

■ Output may be clamped at any desired level 

■ Output is continuously short circuit proof 

The LH0001 is ideally suited for space borne 
applications or where battery operated equipment 
requires extremely low power dissipation. 


schematic and connection diagrams 



COMPENSATION 



TOP VIEW 

Note: Pin 7 must be grounded or connected to a voltage at least 
5 volts more negative than the positive supply (Pin 9). Pin 7 may 
be connected to the negative supply however the standby current 
will be increased. A resistor may be inserted in series with Pin 7 
up to a maximum of 100 kft per volt for the voltage difference 
between Pin 3 and Pin 9. 

Order Number LH0001H 
See Package 1 1 


typical applications 


Voltage Follower 

R1* 



Voltage Comparator for Driving MOS Circuits 

+10 VOLTS 



Integrator with Bias Current Compensation External Current Limiting Method 

CF 
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LH0001 



LH0001 


absolute maximum ratings 

Supply Voltage +20V 

Power Dissipation (see Curve) 400 mW 

Differential Input Voltage ±7V 

Input Voltage Equal to supply 

Short Circuit Duration (Note 1) Continuous 

Operating Temperature Range -55°C to +125°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature ( Soldering 10 sec.) 300°C 

electrical characteristics (Note 2) 


PARAMETER 

TEMP (°C) 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

25 

R s < 5K 


0.2 

1.0 

mV 


-55 to 125 

R s < 5K 


0.6 

2.0 

mV 

Input Offset Current 

25 to 125 




20 

nA 


-55 




100 

nA 

Input Bias Current 

25 to 125 




100 

nA 


-55 




300 

nA 

Supply Current (+) 

25 

V s = ±20V 


90 

125 

MA 


125 

V s = ±20V 


70 

100 

H A 


-55 

V s = ±20V 


100 

150 

JUA 

Supply Current (-) 

25 

V s = ±20V 


60 

90 

ma 


125 

V s = ±20V 


45 

75 

JUA 


-55 

V s = ±20V 


75 

125 

ma 

Voltage Gain 

-55 to 25 

R L = 100 K£2, V s = ±1 5V, V OUT = ±10V 

25 

60 


V/mV 


125 

R L - 100 KQ, V s = ±1 5V, V OUT = ±10V 

10 

30 


V/mV 

Vout 

25 

V s = ±15V, R l = 2K 

10 

11.5 


V 


-55 

V s = ±15V, R l = 2K 

9 

10.5 


V 


125 

V s = ±15V, R l = 2K 

11 

12.5 


V 

Common Mode 

-55 to 125 

V s = ±15V, V IN = ±10V, R S <5K 

70 

90 


dB 

Rejection Ratio 







Power Supply 

-55 to 125 

V s = ±1 5V, AV = 5V to 20V, R s = < 5K 

70 

90 


dB 

Rejection Ratio 







Input Resistance 

25 


0.5 

1.5 



Average Temperature 

-55 to 125 

R S <5K 


4 


pV/°C 

Coefficient of Offset 
Voltage 







Average Temperature 

-55 to 125 



0.4 


juA/°C 

Coefficient of Bias 
Current 







Equivalent Input 

25 

R s = IK, f = 5 Hz to 1000 Hz, V s = ±15V 


3.0 


pV rms 

Noise Voltage 








Note 1: Based on maximum short circuit current of 50 mA, device may be operated at 
any combination of supply voltages, and temperature to be within rated power dissipation 
(see Curve). 

Note 2: These specifications apply for Pin 7 grounded, for ±5V < V s < ±20V, with 
Capacitor Cl = 39 pF from Pin 1 to Pin 10, and C2 = 22 pF from Pin 5 to ground, unless 
otherwise specified. 


guaranteed performance 



Small Signal Voltage Gain 


Maximum Power Dissipation 




10 15 

SUPPLY VOLTAGE ( + V> 


0 +50 +100 +150 

TEMPERATURE f'C) 


TEMPERATURE TC) 
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typical performance characteristics 


Negative Supply Current 


Positive Supply Currents 


Short Circuit Output Current 




-55 0 +50 +100 +150 


SUPPLY VOLTAGE (-V) 


SUPPLY VOLTAGE <+V) 


TEMPERATURE (°C) 


Input Bias Current 


Input Offset Current 



T a = -55= c 







Lv = +25’c 






Ta = +125C 






5 10 15 20 


SUPPLY VOLTAGE (*V) 



5 10 15 20 

SUPPLY VOLTAGE ( V) 


Input Resistance 



-50 0 50 100 150 


TEMPERATURE ( C) 




Voltage Gain 



5 10 15 20 


SUPPLY VOLTAGE ( V) 


Open Loop 
Frequency Response 


Large Signal 
Frequency Response 


Voltage Follower 
Pulse Response 



FREQUENCY (Hi) 


FREQUENCY (Hi) 


TIME (jdcc) 
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LH0001A/LH0001AC 



Amplifiers 


LH0001A/LH0001AC micropower operational amplifier 


general description 

The LH0001 A/LH0001 AC is a micropower, high 
performance integrated circuit operational ampli- 
fier designed to have a no load power dissipation 
of less than 0.5 mW at V s = ±5V and less than 
2 mW at V s = ±20V. Open loop gain is greater 
than 50k and input bias current is typically 20 nA. 

features 

■ 1.0 mV Typical low offset voltage 

■ 5 nA Typical low offset current 

■ 3 /iVrms Typical low noise 

■ Simple frequency compensation 

■ Moderate bandwidth and slewrate 


■ Output short circuit proof 

The LH0001 A/LH0001 AC may be substituted 
directly for the LH0001/LH0001C. Low power 
consumption, high open loop gain, and excellent 
input characteristics make the LH0001A an ideal 
amplifier for many low power applications such 
as battery powered instrument or transducer 
amplifiers. 

The LH0001 A is specified for operation over the 
-55°C to +125°C military temperature range. The 
LH0001 AC is specified for operation over the 0°C 
to +85°C temperature range. 


schematic diagram* 


typical application* 




Integrator with Bias Compensation 


*Pin shown for TO-5 package 


connection diagrams 

Metal Can Package 


LH0001 AH/LHQ001 ACH 
COMP SUL AMP 



Flat Package 


IH0001AF/LH0001ACF 


+ INPUT , 
OUTPUT COMP 
- INPUT, 
INPUT COMP i 
COMPS CLAMP, 



Order Number 
LH0001AH or LH0001ACH 
See Package 1 1 


Order Number 
LH0001AF or LH0001ACF 
See Package 3 


Cavity Dual-1 n-Line Package 

LH0001AD/LH0001ACD 



LH0001AD or LH0001ACD 
See Package 1 
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absolute maximum ratings 


Supply Voltage 

Power Dissipation (See curve) 

Differential Input Voltage 
Input Voltage 
Short Circuit Duration 
Operating Temperature Range LH0001A 
LH0001AC 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


±20V 
400 mW 
±7V 
±V S 
Continuous 
-55° C to 125°C 
-25° C to 85° C 
-65° C to 150°C 
300° C 


electrical characteristics (Notei) 



PARAMETERS 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 


Input Offset Voltage 

R s < Ik, T a = 25° C 


1.0 

2.5 


2.0 

5.0 

mV 






4.0 



7.0 

mV 


Input Bias Current 

T a = 25°C 


20 

100 


20 

200 

nA 






300 



300 

nA 


Input Offset Current 

T a = 25° C 


5 

20 


20 

60 

nA 






100 



100 

nA 


Supply Current 

V s = ±20V, T a = 25° C 


80 

125 


80 

125 

pA 



V s = ±20V 



150 



150 

nA 


Voltage Gain 

V s = ±15V, V OU T - 10V. R l = 100k, 

25 

60 


25 

60 


V/mV 



T a = 25° C 

25 

60 


25 

60 





V s = ± 15V, V OU t = 10V, R l to 100k 

10 

30 


10 



V/mV 


Output Voltage 

V s - ±15V, R l = 2k, T a = 25°C 

10 

11.5 


10 

11.5 


V 



V s - ±15V, R l = 2k 

9 



9 



V 


Common Mode Rejection Ratio 

V s = ± 1 5V, V IN = 10V, R s - Ik 

70 

90 


70 

90 


db 


Power Supply Rejection Ratio 

V s = ±15V, R s - Ik, V s = ±5V 

70 

90 


70 

90 


db 



to ±20V 









Equivalent Input Noise Voltage 

V s = ±15V, R s = Ik. T a = 25°C 


3.0 



3.0 


/iVrms 



f - 500 Hz to 5 kHz 









Average T emperature Coefficient 

R s <1k 


3.0 



3.0 


pV/°C 


of Offset Voltage 










Average T emperature Coefficient 



0.3 



0.3 


nA/°C 


of Bias Current 










Notel. The specifications apply for i5V < Vg < 20V, with output compensation capacitor, 
Ci = 39 pF, input compensation capacitor, C2 = 22 pF, -55 C to 125°C for the LH0001A and 
-25°C to +85" C for the LH0001AC unless otherwise specified. 


typical applications 




s or equal to source ,»T\ 22 
.mum offset. | 


I 02 03 

f N H- 

S V s | CLAMP 
L H0001 A^— 


TTL/DTL Compatible Comparator 


Voltage Follower 


External Output Current Limiting 


-5 


LH0001A/LH0001AC 




LH0001A/LH0001AC 
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Amplifiers 


LH0003/LH0003C* wide bandwidth operational amplifier 

general description 


The LH0003/LH0003C is a general purpose opera- 
tional amplifier which features: slewing rate up to 
70 volts/^sec, a gain bandwidth of up to 30 MHz, 
and high output currents. Other features are: 

■ Very low offset voltage Typically 0.4 mV 


Large output swing 


>±10V into 100H 
load 


■ High CMRR Typically > 90 dB 

■ Good large signal 50 kHz to 400 kHz de- 
frequency response pending on compensa- 
tion 

The LH0003 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LH0003C is specified for operation over the 0°C 
to +85°C temperature range. 


schematic and connection diagrams 



Order Number LH0003H or LH0003CH 
See Package 1 1 



Typical Compensation 



LH0003/LH0003C 





LH0003/LH0003C 


absolute maximum ratings 

Supply Voltage 
Power Dissipation 
Differential Input Voltage 
Input Voltage 
Load Current 

Operating Temperature Range LH0003 
LH0003C 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


±20V 
See curve 
±7V 

Equal to supply 
120 mA 
-55° C to +125°C 
0°C to+85°C 
- 65°C to +1 50°C 
300° C 


electrical characteristics (Notes i & 2) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

R s < lk 


04 

3.0 

mV 

Input Offset Current 



0.02 

0.2 

pA 

Input Bias Current 



0.4 

2.0 

pA 

Supply Current 

V s - t20V 


1.2 

3 

mA 

Voltage Gain 

R l - 100k, V s - ±15V. V OUT = MOV 

20 

70 


V/mV 

Voltage Gain 

R l = 2k, V s = ±1 5V, V OUT = MOV 

15 

40 


V/mV 

Output Voltage Swing 

V s ±15, R l - 100S2 

±10 

±12 


V 

Input Resistance 
Average Temperature 



100 


kS 2 

Coefficient of Offset 
Voltage 

R s < 5k 


4 


pV/ c 

Average Temperature 






Coefficient of Bias 
Current 



8 


nA/°C 

CM RR 

R s < Ik, V s +V, V, N +10V 

70 

90 


dB 

PSRR 

R s <1k, V s +15V.AV 5V to 20V 

70 

90 


dB 

Equivalent Input 

R s = 1 K, f - 10 kHz to 100 kHz 





Noise Voltage 

V s ± 15V dc 


1 8 



Note 1. These specifications apply for Pin 7 grounded, for ±5V < V s < ±20V, with capacitor 
C-| =90 pF from Pin 1 to Pin 10 and 02^90 pF from Pin 5 to ground, over 
the specified operating temperature range, unless otherwise specified. 

Note 2. Typical values are for tAMBIENT = 25°C unless otherwise specif led 


typical performance 

Maximum Power Dissipation 






Amplifiers 


LH0004/LH0004C* high voltage operational amplifier 


general description 

The LH0004/LH0004C is a general purpose opera- 
tional amplifier designed to operate from supply 
voltages up to ±40V. The device dissipates ex- 
tremely low quiescent power, typically 8 mW at 
25°C and V s = ±40V. Additional features include: 

■ Capable of operation over the range of ±5V to 
±40 V. 

■ Large output voltage typically ±35V for the 
LH0004 and ±33V for the LH0004C into a 
2 KL2 load with ±40 V supplies 

■ Low input offset current typically 20 nA for 
the LH0004 and 45 nA for the LH0004C 

■ Low input offset voltage typically 0.3 mV 

■ Frequency compensation with two small 
capacitors. 


■ Low power consumption 8 mW at ±40V 

The LH0004's high gain and wide range of oper- 
ating voltages make it ideal for applications 
requiring large output swing and low power 
dissipation. 

The LH0004 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LH0004C is specified for operation over the 0°C 
to +85°C temperature range. 

applications 

■ Precision high voltage power supply. 

■ Resolver excitation. 

■ Wideband high voltage amplifier. 

■ Transducer power supply. 


schematic and connection diagrams 



COMPENSATION 



COMPENSATION 


TOP VIEW 

Note: Pin 7 must be grounded or connected to a 
voltage at least 5 volts more negative than the posi- 
tive supply (Pin 9). Pin 7 may be connected to the 
negative supply; however, the standby current will 
be increased. A resistor may be inserted in series 
with Pin 7 to Pin 9. The value of the resistor should 
be a maximum of 100 Kfi per volt of potential 
between Pin 3 and Pin 9. 

Order Number LH0004H or LH0004CH 
See Package 1 1 


typical applications 


Voltage Follower 


Input Offset External Current Limiting Method 

Voltage Adjust 







at 20 to 50 /jA. 


‘Previously called NH0004/NH0004C 


High Compliance Current Source 
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LH0004/LH0004C 



LH0004/LH0004C 


absolute maximum ratings 








Supply Voltage, Continuous 


±45V 







Supply Voltage, Transient (<0.1 sec, no load) 

±60V 







Power Dissipation (See curve) 400 mW 







Differential Input Voltage 


±7V 







Input Voltage 

Equal to supply 







Short Circuit Duration 


3 sec 







Operating Temperature Range LH0004 -55 C to +125 C 








LH0004C 0 C to 85 C 







Storage Temperature Range 

-65° C to +150° C 







Lead Temperature (Soldering, 10 sec) 300 C 







electrical characteristics (Note n 










LH0004 

LH0004C 

UNITS 

PARAMETER 

CONDITIONS 

MIN 

TVP 

MAX 

MIN 

TYP 

MAX 

Input Offset Voltage 

R s < 5k, T a = 25° C 


0.3 

1.0 


0.3 

1.5 

mV 


R s <5k 



2.0 



3.0 

mV 

Input Bias Current 

T a = 25°C 


20 

100 


30 

120 

nA 


= -55° C 



300 



300 

nA 

Input Offset Current 

T a = 25° C 


3 

20 


10 

45 

nA 


= -55°C 



100 



150 

nA 

Positive Supply Current 

V s = ±40V, T a = 25° C 


110 

150 


110 

150 

PA 


V s = ±40V 



175 



175 

UiA 

Negative Supply Current 

V s = +40V, T a = 25°C 


80 

100 


80 

100 

A<A 


V s = ±40V 



135 



135 

/uA 

Voltage Gain 

V s = ±40V, R L = 100k, T a = 25°C 

30 

60 


30 

60 


V/mV 


V OUT =± 30V 









V s = ±40V, R l - 100k 

10 



10 



V/mV 


Vqut = ± 30V 








Output Voltage 

V s = ±40V, R l - 2k 

±30 

±35 


±30 

±33 


V 


V s = ±40V, R L =4k 

±34 

±36 


±33 

±35 


V 

CMRR 

V s = ±40V, R s <5k 

70 

90 


70 

90 


dB 


V IN = ±33V 








PSRR 

V s = ±40V, R s < 5k 

70 

90 


70 

90 


dB 


AV = 20V to 40V 








Average Temperature 

R s < 5k 


4.0 



4.0 


juV/° C 

Coefficient Offset Voltage 









Average Temperature 









Coefficient of 



0.4 



0.4 


AiA/°C 

Offset Current 









Equivalent Input 

R s = Ik, V s = ±40V 


3.0 



3.0 


/iVrms 

Noise Voltage 

f = 500 Hz to 5 kHz, T A = 25°C 








Note!: These specifications i 

apply for ±5V <C Vc <C±40V, Pin 7 grounded, with capacitors 




Cl = 39 pF between Pin 1 and Pin 10, C2 = 22 pF between Pin 5 and ground, -55°C to 125°C for the 




LH0004, and 0°C to 85° C for the LH0004C unless otherwise specified. 
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typical performance 



05 15 25 35 45 



0 10 20 30 40 


Voltage Gain 



SUPPLY VOLTAGE ( + V) 


SUPPLY VOLTAGE (iV) 


SUPPLY VOLTAGE (±V) 



0 10 20 30 40 



0 10 20 30 40 



0 15 30 45 


SUPPLY VOLTAGE |±V) 


SUPPLY VOLTAGE (±V) 


SUPPLY VOLTAGE <±V) 


Open Loop Frequency 
Response 



0.1 10 Ik 100k 1QM 

FREQUENCY (Hz) 


Large Signal 



01 10 Ik 100k 100M 


Package Power Dissipation 



0 50 100 150 


FREQUENCY (Hz) 


TEMPERATURE tC) 



Ml 


LH0004/LH0004C 



LH0005/LH0005A 


Amplifiers 


LH0005/LH0005A* operational amplifier 
general description 


The LH0005/LH0005A is a hybrid integrated cir- 
cuit operational amplifier employing thick film 
resistors and discrete silicon semiconductors in its 
design. The select matching of the input pairs of 
transistors results in low input bias currents and a 
very low input offset current, both of which ex- 
hibit excellent temperature tracking. In addition, 
the device features: 

■ Very high output current capability: ±50 mA 
into a 1 00 ohm load 

■ Low standby power dissipation: typically 
60 mW at ±12V 

■ High input resistance: typically 2M at 25°C 


Full operating range: -55°C to +1 25°C 

Good high frequency response: unity gain at 
30 MHz 


With no external roll-off network, the amplifier is 
stable with a feedback ratio of 10 or greater. By 
adding a 200 pF capacitor between pins 9 and 10, 
and a 200 ohm resistor in series with a 75 pF 
capacitor from pin 4 to ground, the amplifier is 
stable to unity gain. The unity gain loop phase 
margin with the above compensation is typically 
70 degrees. With a gain of 10 and no compensation 
the loop phase margin is typically 50 degrees. 


schematic and connection diagrams 


INPUT FREQUENCY 
COMPENSATION 
101 14 




(jj output 

GROUND 


Order Number LH0005H or LH0005AH 
See Package 1 1 


typical applications 

Voltage Follower 


External Current Limiting 




LH0005 N. 1 . 

i # OUTPUT 

IHOOOSA yZ" 


♦ /Tm 

" 1 ‘May be zero or equal to the — 2- 

^ input resistance tor minimum 


offset. 

h *To minimize crossover distortion 
at higher frequencies. May be 
omitted for low frequency 
application or selected to suit 
design requirements 


Integrator with Bias Current Compensation 


Offset Balancing Circuit 



*Typical value, R B = 100K. 

R b may be increased for greater 
sensitivity with reduction in 
range. 


♦Previously called NH0005/NH0005A 



= Average forward voltage drop 
of diodes to D 4 at approx. 
1 mA. 

For continuous short circuit 
protection (V s = +12V, 

-55°C < T a < +100°C) 
R LIM >50n 
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absolute maximum ratings 








Supply Voltage 

±20V 







Power Dissipation (see Curve) 

400 mW 







Differential Input Voltage 

±15V 







Input Voltage 

Equal to supply voltages 







Peak Load Current 

±100 mA 







Storage Temperature Range 

-65°C to +150°C 







Operating Temperature Range 

-55°C to +1 25°C 







Lead Temperature (Soldering, 10 sec) 300°C 







electrical characteristics (Notei) 










LH0005 

LH0005A 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 









25°C 

R s < 20 ktt 


5 

10 


1 

3 

mV 

-55°C, 1 25°C 

R s < 20 kQ 



10 



4 

mV 

Input Offset Current 









25°C to 1 25° C 



10 

20 


2 

5 

nA 

-55°C 



25 

75 


10 

25 

nA 

Input Bias Current 









25°C to 1 25°C 



15 

50 


8 

25 

nA 

-55°C 



100 

250 


60 

125 

nA 

Large Signal Voltage Gain 









-55°C to 25° C 

R l - 1 0K, R2= 3K, V OUT = ±5V 

2 

4 


4 

5.5 


V/mV 

1 25°C 


1.5 

3 


3 

5 


V/mV 

Output Voltage Swing 









-55° C to 1 25°C 

R l = 10 ktt 

-10 


+6 

-10 


+6 

V 

25°C to 1 25° C 

o 

o 

ii 

DC 

-5 


+5 

-5 


+5 

V 

-55°C 

R l = 10017 

-4 


+4 

-4 


+4 

V 

Input Resistance 









25°C 


1 

2 


1 

2 



Common Mode Rejection Ratio 









25°C 

V, N = ±4V, RS< 20 kn 

55 

60 


60 

66 


dB 

Power Supply Rejection Ratio 









25°C 


55 

60 


60 

66 


dB 

Supply Current (+) 









-55°C to 1 25°C 



3 

5 


3 

5 

mA 

Supply Current (-) 









-55°C to 1 25°C 



2 

4 


2 

4 

mA 

Average Temperature Coefficient 









of Input Offset Voltage 









-55°C to 1 25° C 

R s <20 k!2 


20 



10 


uV/°C 

Output Resistance 









25° C 



70 



70 


n 

Note 1 : These specifications apply for pin 6 grounded, Vc = ±12V, with Resistor Ri 

= 200fi in series 




with Capacitor Ci = 75 pF from pin 4 to ground, and Co = 200 pF between pins 9 and 

10 unless 




otherwise specified. 
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LH0005/LH0005A 



■VING(V) INPUT BIAS CURRENT (n A) 


guaranteed performance characteristics 


Supply Current 


*2 


Maximum Power Dissipation 


1fe|2 


10 11 12 13 14 15 

SUPPLY VOLTAGE (±V) 







“ 1 













000 





s 

. 









\cASE 









]\ 









\ 



400 






^ 1 



300 




AMBIENT s >s. 


s 

100 






s 


0 










0 25 50 75 100 125 

TEMPERATURE f 0 


typical performance characteristics 


Input Bias Current 


Loaded Output Voltage Swing 


-55 -35-15 5 25 45 65 85 105 125 145 
TEMPERATURE (°C) 



10 11 12 13 14 15 

SUPPLY VOLTAGE (±V) 



IK 10K 100K 

FREQUENCY (Hz) 


DC Output Voltage Swing 

~ POSITIVE ~~1 1 I 

V S =±12V 

T a = 25°C 

•= Spec, limit 



Positive Output Voltage Swing 

> 15 ; — — 

~ T a = +25 C 

S 13 T a = +125°C 

« T A = -55°C 


Negative Output Voltage Swing 



illinium 

mm 

lllllil! 


inn 



iinnsm 

iiiib 



mini 

KSIIII 

■Will 

gw 

HiEn 
hikmI 
j jjgaj 

■n 


■n 

mmi 


■fit 

■n 

HMti 

'■■i 

■■■ 



FREQUENCY (Hz) 


FREQUENCY (MHz) 





Amplifiers 


LH0005C* operational amplifier 
general description 

The LH0005C is a hybrid integrated circuit opera- 
tional amplifier employing thick film resistors 
and discrete silicon semiconductors in its design. 
The select matching of the input pairs of transis- 
tors results in low input bias currents and a very 
low input offset current both of which exhibit 
excellent temperature tracking,, In addition, the 
device features: 

■ Very high output current capability: ±40 mA 
into a 100 ohm load 

■ Low standby power dissipation: typically 
60 mW at ± 1 2 V 

■ High input resistance: typically 2M at 25° C 


■ Operating range: 0° to 70°C 

■ Good high frequency response: unity gain at 
30 MHz 

With no external roll-off network, the amplifier is 
stable with a feedback ratio of 10 or greater. By 
adding a 200 pF capacitor between pins 9 and 10, 
and a 200 ohm resistor in series with a 75 pF 
capacitor from pin 4 to ground, the amplifier is 
stable to unity gain. The unity gain loop phase 
margin with the above compensation is typically 
70 degrees. With a gain of 10 and no compensation 
the loop phase margin is typically 50 degrees. 


schematic and connection diagrams 

INPUT FREQUENCY OUTPUT FREQUENCY 

COMPENSATION COMPENSATION 




Order Number LHQ005CH 
See Package 1 1 


typical applications 

Voltage Follower 




‘Typical value, R B = 100K, 

R b may be increased for greater 
sensitivity with reduction in range. 


*Previously called NH0005C 


External Current Limiting 


R f 



Integrator With Bias Current Compensation 
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LH0005C 




LH0005C 


absolute maximum ratings 

Supply Voltage 

Power Dissipation (see Curve) 

Differential Input Voltage 

Input Voltage 

Peak Load Current 

Storage Temperature Range 

Operating Temperature Range 

Lead Temperature (soldering, 10 sec) 

electrical characteristics 


±20V 
400 mW 
±15V 

Equal to supply voltages 
±100 mA 
-55°C to +125°C 
0°C to 85°C 
300° C 


PARAMETER 

CONDITIONS 

LH0005C 

UNITS 

MIN 

TYP 

MAX 


(Note 2) 


Input Offset Voltage 

R s < 20 kQ 


3 

10 

mV 

Input Offset Current 



5 

25 

nA 

Input Bias Current 



20 

100 

nA 

Large Signal Voltage Gain 

R l = 10K, R2 = 3K, V OUT = ±5V 

2 

5 


V/mV 

Output Voltage Swing 

r l = io kn 

-10 


+6 

V 


JD 

r 

ll 

O 

B 

-4 

±6 

+4 

V 

Input Resistance 

T a = 25° C 

0.5 

2 



Common Mode Rejection Ratio 

V, N = ±4V, R s < 20 k£2,T A = 25°C 

50 

60 


dB 

Power Supply Rejection Ratio 

T a = 25° C 

50 

60 


dB 

Supply Current (+) 



3 

5 

mA 

Supply Current (-) 



2 

4 

mA 


Note 1: These specifications apply for pin 6 grounded, Vg = ±12V, with Resistor R1 = 200S7 in series 
with Capacitor Cl = 75 pF from pin 4 to ground, and C2 = 200 pF between pins 9 and 10, over the 
temperature range of 0°C to +85° C unless otherwise specified. 

Note 2: Typical values are for 25°C only. 



0 25 50 75 100 125 

TEMPERATURE ( C) 

Maximum Power Dissipation 
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Amplifers 


LH0020/LH0020C* high gain instrumentation 
operational amplifier 


general description 

The LH0020/LH0020C is a general purpose opera- 
tional amplifier designed to source and sink 50 mA 
output currents. In addition to its high output 
capability, the LH0020/LH0020C exhibits excel- 
lent open loop gain, typically in excess of 100 dB. 
The parameters of the LH0020 are guaranteed 
over the temperature range of -55°C to +125°C 
and ±15V <, V s <1 ±22V, while those of the 
LH0020C are guaranteed over the temperature 
range of 0°C to 85°C and < ±5V < V s < ±18V. 
Additional features include: 

■ Low offset voltage typically 1.0 mV at 25°C 
over the entire common mode voltage range. 


■ Low offset current typically 10 nA at 25°C for 
the LH0020 and 30 nA for the LH0020C. 

■ Offset voltage is adjustable to zero with a single 
potentiometer. 

■ ±14V, 50 mA output capability. 

Output current capability, excellent input char- 
acteristics, and large open loop gain make the 
LH0020/LH0020C suitable for application in a 
wide variety of applications from precision dc 
power supplies to precision medium power 
comparator. 


schematic and connection diagrams 


COMPENSATION 



COMPEN- 

SATION 


typical applications 

Offset Adjustment 


+15 



V* 



TOP VIEW 

Order Number LH0020G or LH0020CG 
See Package 6 


Unity Gain Frequency Compensation 



*Previously called NH0020/NH0020C 
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LH0020/LH0020C 



LH0020/LH0020C 


absolute maximum ratings 










Supply Voltage 



+22V 








Power Dissipation 


1.5W 








Differential Input Voltage 

±30V 








Input Voltage (Note 1 } 


+ 15V 








Output Short Circuit Duration 

Continuous 








Operating Temperature Range LH0020 

-55°C to +125°C 









LH0020C 

0°C to 85° C 








Storage Temperature 

-65"C to +1 50° C 








Lead Temperature (Soldering, 10 sec) 

300° C 








electrical characteristics 













LH0020 



LH0020C 



PARAMETER 

CONDITIONS 









UNITS 



TEMP C 

MIN 

TYP 

MAX 

TEMP C 

MIN 

TYP 

MAX 


Input Offset 

R s < 10k 

25 


1.0 

2.5 

25 


1.0 

6.0 

mV 

Voltage 


-55 to +125 


2.0 

4.0 

0 to 85 


3.0 

7.5 

mV 

Input Offset 


25 


10 

50 

25 


30 

200 

nA 

Current 


-55 to + 125 



100 

0 to 85 



300 

nA 

Input Bias 


25 


60 

250 

25 


200 

500 

nA 

Current 


-55 to +125 



500 

0 to 85 



800 

nA 

Supply Current 

V s =±15V 

25 


3.5 

5.0 

25 


3.6 

6.0 

mA 

Input Resistance 


25 

0.6 

1.0 


25 

0.3 

1.0 


Ml 2 

Large Signal 

V s = + 15V,R L = 30012, V o = + 10V 

25 

100 

300 


25 

50 

150 


V/mV 

Voltage Gain 

V s = ± 1 5V, R L = 30012, V c = ± 10V 

-55 to +125 

50 



0 to 85 

30 



V-'mV 

Output Voltage 

V s = ±15V, R l - 30012 

25 

14 2 

14.5 


25 

14.0 

14.2 


V 

Swing 


-55 to +125 

14 0 



0 to 85 

13.5 



V 

Output Short 

V s = ±15V 

25 


100 

130 

25 

25 

120 

140 

mA 

Circuit Current 

R l -- 012 










Input Voltage 

V s = ± 15V 

-55 to +125 

±12 



0 to 85 

+ 12 



V 

Range 










V 

Common Mode 

R s < 10k 

-55 to +125 

90 

96 


0 to 85 

90 

96 


dB 

Rejection Ratio 











Power Supply 

R s < 10k 

-55 to +125 

90 

96 


0 to 85 

90 

96 


dB 

Rejection Ratio 











Notel: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the 



supply voltage. 











Note 2: These specifications apply for ±5V < Vc < ±22V for the 

LH0020, +5V < Vq < +18V for 



the LH0020C, pin 9 grounded, and a 5000 pF capacitor between pins 2 and 3, 

unless otherwise specified. 
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Amplifiers 


LH0021/LH0021C 1.0 amp power operational amplifier 
LH0041/LH0041C 0.2 amp power operational amplifier 


general description 

The LH0021/LH0021C and LH0041/LH0041C are 
general purpose operational amplifiers capable of 
delivering large output currents not usually asso- 
ciated with conventional 1C Op Amps. The LH0021 
will provide output currents in excess of one 
ampere at voltage levels of ±12V; the LH0041 
delivers currents of 200 mA at voltage levels 
closely approaching the available power supplies. 
In addition, both the inputs and outputs are pro- 
tected against overload. The devices are compen- 
sated with a single external capacitor and are free 
of any unusual oscillation or latch-up problems. 

features 

■ Output current 1 .0 Amp (LH0021 ) 

0.2 Amp (LH0041 ) 

■ Output voltage swing ±1 2V into 1012 (LH0021 ) 

±14V into 10012 (LH0041) 

■ Wide full power bandwidth 15 kHz 

■ Low standby power 100mWat±15V 

■ Low input offset 

voltage and current 1 mV and 20 nA 


■ High slew rate 3.0V/jUs 

■ High open loop gain 100 dB 


The excellent input characteristics and high out- 
put capability of the LH0021 make it an ideal 
choice for power applications such as DC servos, 
capstan drivers, deflection yoke drivers, and pro- 
grammable power supplies. 

The LH0041 is particularly suited for applications 
such as torque driver for internal guidance systems, 
diddle yoke driver for alpha-numeric CRT displays, 
cable drivers, and programmable power supplies 
for automatic test equipment. 

The LH0021 is supplied in a 8 pin TO-3 package 
rated at 20 watts with suitable heatsink. The 
LH0041 is supplied in both 12 pin TO-8 (2.5 
watts with clip on heatsink) and a power 8 pin 
ceramic DIP (2 watts with suitable heatsink). The 
LH0021 and LH0041 are guaranteed over the 
temperature range of -55°C to +125°C while the 
LH0021C and LH0041C are guaranteed from -25°C 
to +85 U C 


schematic and connection diagrams 





Order Number 
LH0021K or LH0021CK 
See Package 14 


Order Number 
LH0041G or LH0041CG 
See Package 6 


Order Number 
LH0041CJ 
See Package 1 2 
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LH0021/LH0021C , 
LH0041/LH0041C 



LH0021/LH0021C, 

LH0041/LH0041C 


absolute maximum ratings 


Supply Voltage ±18V 

Power Dissipation See curves 

Differential Input Voltage ±30V 

Input Voltage (Note 1) ±15V 

Peak Output Current (Note 2) LH0021/LH0021C 2.0 Amps 

LH0041/LH0041C 0.5 Amps 

Output Short Circuit Duration (Note 3) Continuous 

Operating Temperature Range LH0021/LH0041 -55°C to +125°C 

LH0021C/LH0041C -25°C to +85°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


dc electrical characteristics for LH0021/LH0021C (Note 4) 


PARAMETER 

CONDITIONS 

LIMITS 

UNITS 

LH0021 

LH0021C 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Input Offset Voltage 

R s < 10 k!2, T c = 25"C 


10 

3.0 


3.0 

6.0 

mV 


R s < 10 k!2 



5.0 



7.5 

mV 

Voltage Drift with Temperature 

R s < 10 kS2 


3 

25 


5 

30 

pV/'C 

Offset Voltage Drift with Time 



5 



5 


pV/ week 

Offset Voltage Change with Output Power 



5 

15 


5 

20 

p V/watt 

Input Offset Current 

T c - 25°C 


30 

100 


50 

200 

nA 





300 



500 

nA 

Offset Current Drift with Temperature 



0.1 

1.0 


0.2 

1 0 

nA/ C 

Offset Current Drift with Time 



2 



2 


nA/week 

Input Bias Current 

T c = 25° C 


100 

300 


200 

500 

nA 





10 



1.0 

pA 

Input Resistance 

T c = 25° C 

0.3 

1.0 


0.3 

1.0 


M12 

Input Capacitance 



3 



3 


pF 

Common Mode Rejection Ratio 

R s < 10 kS2, AV cm - * 10V 

70 

90 


70 

90 


dB 

Input Voltage Range 

V s = + 15V 

M2 



* 12 



V 

Power Supply Rejection Ratio 

R s < 10 k!2, AV S = + 10V 

80 

96 


70 

90 


dB 

Voltage Gain 

V s = ±15V, V Q = ±10V 









R l = 1 k!2.T c - 25°C, 

100 

200 


100 

200 


V/mV 


V s = ±15V, V 0 = ±10V 









R l = 10012. 

25 



20 



V/mV 

Output Voltage Swing 

V s = ± 15V, R L = 10012 

+ 13.5 

14 


+ 13 

*14 


V 


V s = ±15V, R l = 1012 

+ 11.0 

+ 12 


+ 10 

+ 12 


V 

Output Short Circuit Current 

V s = + 15V, T c = 25 “C,R sc = 0.512 

0.8 

1.2 

1.6 

0.8 

1.2 

1.6 

Amps 

Power Supply Current 

V s - ±15V, Vqut = 0 


2.5 

3 5 


3.0 

4.0 

mA 

Power Consumption 

V s = ±15V. V 0 ut = 0 


75 

105 


90 

120 

mW 


ac electrical characteristics for LH0021/LH0021 C (t a = 25°c, v s = ±15v,c c = 3ooo p f) 


Slew Rate 

Power Bandwidth 

Small Signal Transient Response 

Small Signal Overshoot 

Settling Time (0.1%) 

Overload Recovery Time 
Harmonic Distortion 
Input Noise Voltage 
Input Noise Current 


A v = +1, R l = 
R L = 10012 


f = 1 kHz, P D = 0.5W 

R s = 5012, B.W. = 10 Hz to 10 kHz 

B.W. = 10 Hz to 10 kHz 


3.0 

40 


3.0 

40 

0.3 


3 

0.2 

5 

005 


V/ps 

kHz 


pV/rms 

nA/rms 
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dc electrical characteristics tor lhoo4i/lhoo4ic (Note4> 

PARAMETER 

CONDITIONS 

LIMITS 

UNITS 

LH0041 

LH0041C 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Input Offset Voltage 

R s < 10kl2. T a = 25° C 


1.0 

3.0 


3.0 

6.0 

mV 


R s < 10 kS2 



5.0 



7.5 

mV 

Voltage Drift with Temperature 

R s < 10 kS2 


3 



5 


mv/°c 

Offset Voltage Drift with Time 



5 



5 


Ai V/ week 

Offset Voltage Change with Output Power 



15 



15 


MV/watt 

Offset Voltage Adjustment Range 

(Note 5) 


20 



20 


mV 

Input Offset Current 

T a = 25°C 


30 

100 


50 

200 

nA 





300 



500 

nA 

Offset Current Drift with Temperature 



0.1 

1.0 


0.2 

1.0 

nA/°C 

Offset Current Drift with Time 



2 



2 


nA/week 

Input Bias Current 

T a = 25°C 


100 

300 


200 

500 

nA 





1.0 



1.0 

A<A 

Input Resistance 

T a = 25°C 

0.3 

1.0 


0.3 

1.0 


M12 

Input Capacitance 



3 



3 


PF 

Common Mode Rejection Ratio 

R s <i 10 k!2, AV cm - + 10V 

70 

90 


70 

90 


dB 

1 nput Voltage Range 

V s - ±15V 

112 



±12 



V 

Power Supply Rejection Ratio 

R s <; 10 k!2, AV S = + 10V 

80 

96 


70 

90 


dB 

Voltage Gain 

V s - ±15V, V 0 = ±10V 









R L = 1 k!2, T a = 25" C 

100 

200 


100 

200 


V/mV 


V s = ±15V, V o = ±10V 









R L = 10012 

25 



20 



V/mV 

Output Voltage Swing 

o 

o 

OC 

>' 

> 

+ 13 0 

14.0 


±13.0 

±14.0 


V 

Output Short Circuit Current 

V s = ±15V,T A - 25°C 


200 

300 


200 

300 

mA 


(Note 6) 








Power Supply Current 

V 5 = ±15V. V OUT = 0 


2.5 

3.5 


3.0 

4.0 

mA 

Power Consumption 

V s = ±15V, V OUT = 0 


75 

105 


90 

120 

mW 

ac electrical characteristics for lhcxmi/lhockic (t a = 25°c,v s = 

±15V, C c = 3000 pF) 

Slew Rate 

A v = +1, R L = 10012 

1.5 

3.0 


1.0 

3.0 


V//i s 

Power Bandwidth 

R l = 10012 


40 



40 


kHz 

Small Signal Transient Response 



0.3 

1.0 


0.3 

1.5 

JUS 

Small Signal Overshoot 



5 

20 


10 

30 

% 

Settling Time (0.1%) 

AV in = 10V, Ay = +1 


4 



4 


MS 

Overload Recovery Time 



3 



3 


Ms 

Harmonic Distortion 

f = 1 kHz, P 0 = 0.5W 


0.2 



0.2 


% 

Input Noise Voltage 

R s = 5012, B.W. = 10 Hz to 10 kHz 


5 



5 


MV/rms 

Input Noise Current 

B.W. = 10 Hz to 10 kHz 


0.05 



0.05 


nA/rms 

Note 1: Rating applies for supply voltages above ±15V. For supplies less than ±15V, rating is equal to supply voltage. 


Note 2: Rating applies for LH0041 G and LH0021 K with R$c = 012. 







Note 3: Rating applies as long as package power rating is not exceeded. 







Note 4: Specifications apply for ± 

5V < V s ±18V, and -55°C < T c = < 125°C for LH0021 K and LH0041G, and -25°C < 

T C < +85° C for LH0021CK, LH0041CG and LH0041CJ unless otherwise specified. 

Typical values are for 25° 

C only. 


[ Note 5: TO-8 "G" packages only. 









Note 6: Rating applies for "J” DIP package and for TO-8 "G” package with Rgc = 3.3 ohms 
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LH0021/LH0021C . 
LH0041/LH0041C 



LH0021/LH0021C, 

LH0041/LH0041C 


typical performance characteristics 


Power Derating-LH0021 


25 



0 25 50 75 100 125 

TEMPERATURE (°C) 


Safe Operating Area — LHQ021 



-15 -10 -5 0 5 10 15 

OUTPUT VOLTAGE (V) 


Package Power Dissipation 
LH0041/LH0041C 







— 



\ 

S. 






V 







N 

\CASE 





s 

\ 





FREE Al 


\ 


















25 50 75 100 125 

TEMPERATURE (°C) 


Output Voltage Swing 

| R sc = oVi I I ! ~" 


£ 14 — R L = 1 

o 12 1 1 


N R l = 10S2 | I 
" (LH0021 ONLY)! 


6 8 10 12 14 16 18 20 

SUPPLY VOLTAGE (+V) 


Open Loop Frequency 
Response 






V s 

= t15V | 





Cc 

t a 

= 25° 

“F 

c 

— ■ 


^ 













1 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Large Signal Frequency 
Response 









..jL 








\ 

— ( 

| | r l = lOS'i ' 

LH0021 ONLY) 



mini 


« V s =t15V 
C c = 3000 pF 
T A = 2rC 

mm 


Voltage Follower Pulse 
Response 


— 

rr 

q 


Vs 

r l 

= t15V 
= 100H 







yc 

= 3000 pF 


i 




\ 


u 


/ 




\ 




J 


~ 






1 



PUT 


v: 



1 



^ ’ 


V 



J 















1 







-L 


0 5 10 15 20 25 30 35 

TIME (ms) 


No Load Supply Current 



10 15 20 

SUPPLY VOLTAGE (*V) 


Short Circuit Current vs 
Temperature LH0021/LHQ021C 



Short Circuit Current vs 
Temperature LH0041/LH0041C 


_ LH0041J & \ 

LH0041G W/Rc/- = 3.3J2 


Input Bias Current 







50 -25 0 25 50 75 100 125 

CASE TEMPERATURE (°C) 


10 15 20 

SUPPLY VOLTAGE (±V) 


5 10 15 

SUPPLY VOLTAGE (±V) 










auxiliary circuits 




LH0041 /LH0021 Offset Voltage Null Circuit LH0041G Offset Voltage Null Circui 

(LH0041CJ Pin Connections Shown)* 



Operation from Single Supplies 



V" < -5V V~ > -3IV + V* 

Operation from Non-Symmetrical Supplies 


For additional offset null circuit techniques see National Linear Applications Handbook. 





LH0022/LH0022C > LH0042/ 
LH0042C .LH0052/LH0052C 


Amplifiers 


LH0022/LH0022C* 

LH0042/LH0042C 

LH0052/LH0052C 


high performance FET op amp 
low cost FET op amp 
precision FET op amp 


general description 

The LH0022/LH0042/LH0052 are a family of 
FET input operational amplifiers with very closely 
matched input characteristics, very high input 
impedance, and ultra-low input currents with no 
compromise in noise, common mode rejection 
ratio, open loop gain, or slew rate. The internally 
laser nulled LH0052 offers 200 microvolts maxi- 
mum offset and 5//V/°C offset drift. Input offset 
current is less than 100 femtoamps at room tem- 
perature and 100 p A maximum at 125°C. The 
LH0022 and LH0042 are not internally nulled but 
offer comparable matching characteristics. All de- 
vices in the family are internally compensated and 
are free of latch-up and unusual oscillation prob- 
lems. The devices may be offset nulled with a 
single 10k trimpot with neglible effect in CMRR. 

The LH0022, LH0042 and LH0052 are specified 
for operation over the -55°C to +125°C military 
temperature range. The LH0022C, LH0042C and 
LH0052C are specified for operation over the 
-25°C to +85°C temperature range. 


features 

■ Low input offset current - 
(LH0052) 


1 00 femtoamps max. 


■ Low input offset drift- 5 /jV/°C max (LH0052) 

■ Low input offset voltage — 100 microvolts-typ. 

■ High open loop gain - 100 dB typ. 

■ Excellent slew rate — 3.0 Mips typ. 

■ Internal 6 dB/octave frequency compensation 

■ Pin compatible with standard 1C op amps (TO-5 
package) 

The LH0022/LH0042/LH0052 family of 1C op 
amps are intended to fulfill a wide variety of appli- 
cations for process control, medical instrumenta- 
tion, and other systems requiring very low input 
currents and tightly matched input offsets. The 
LH0052 is particularly suited for long term high 
accuracy integrators and high accuracy sample 
and hold buffer amplifiers. The LH0022 and 
LH0042 provide low cost high performance for 
such applications as electrometer and photocell 
amplification, pico-ammeters, and high input im- 
pedance buffers. 

Special electrical parameter selection and custom 
built circuits are available on special request. 

For additional application information and infor- 
mation on other National operational amplifiers, 
see Available Linear Applications Literature. 


schematic and connection diagrams 

Dual-ln-Line Package Metal Can Package 


Flat-Package 





Order Number LH0022D or 


Order Number LH0022H or LH0022CH or 
LH0042H or LH0042CH or LH0052H or 
LH0052CH 


Order Number LH0022F or 
LH0022CF or LH0042F or 
LH0042CF 



*Previously Called NHQ022/NH0022C 
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absolute maximum ratings 

Supply Voltage ±22V 

Power Dissipation (see graph) 500 mW 

Input Voltage (Note 1 ) ±15V 

Differential Input Voltage (Note 2) ±30V 

Voltage Between Offset Null and V~ ±0.5V 

Short Circuit Duration Continuous 

Operating Temperature Range 

LH0022, LH0042, LH0052 -55°C to +125°C 

LH0022C, LH0042C, LH0052C -25°C to +85°C 

Storage T emperature Range -65°C to + 1 50°C 

Lead Temperature (Soldering, 10 sec) 300°C 


dc electrical characteristics For LH0022/LH0022C(Note 3) 


Temperature Coefficient of 
Input Offset Voltage 

Offset Voltage Drift with Time 
Input Offset Current 

Temperature Coefficient of 
Input Offset Current 

Offset Current Drift with Time 
Input Bias Current 

Temperature Coefficient of 
Input Bias Current 

Differential Input Resistance 
Common Mode Input Resistance 
Input Capacitance 
Input Voltage Range 
Common Mode Rejection Ratio 
Supply Voltage Rejection Ratio 
Large Signal Voltage Gain 


Output Current Swing 
Output Resistance 
Output Short Circuit Cur 
Supply Current 
Power Consumotion 


R s < 100 kS2 ; T A = 25 C 
R s £ 100 kft 
R s < 100 kft 


s = ±15V 

s < 10 kS2, V 1N = + 10V 

10 kST2. ±5V< V S ^±15V 

L = 2 kfi. V OUT = ±10V, 

A = 25°C, V s = + 15V 


L = 2 kS2, V s = ±15V 
out " ±10V, T A _ 25°C 


LIMITS | 

LHQ022 

LH0022C 


MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


2.0 

4.0 


3.5 

6.0 



5.0 



10.0 


5 

10 


5 

15 


3 



4 



0.2 

2.0 


1.0 

5.0 



200 



200 

Doubles everv 

10°C 

Dou 

ales every 

10°C 


0.1 



0.1 



5 

10 


10 

25 



10 



22 

Doubles every 10°C 

■ 1 

Doubles every 

1 

10°C 


10 12 



10’ 2 



10 12 



10’ 2 



4 0 



4.0 


±12 

±13.5 


±12 

±13.5 


80 

90 


70 

90 


80 

90 


70 

90 


100 

200 


75 

160 


50 



50 



4 10 

±12 5 


±10 

±12 


±10 



±10 



±10 

±15 


±10 

+ 15 



75 



75 



25 



25 



2.0 

2.5 


2.4 

2.8 



75 



85 
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LH0022/LH0022C,LH0042/ 
LH0042C, LH0052/LH0052C 




LH0022/LH0022C, LH0042/ 
LH0042C.LH0052/LH0052C 


dc electrical characteristics for lhoo42/lhoo42c 

(T a = 25°C, V s = ±15V, unless otherwise specified) 


PARAMETER 

CONDITIONS 

LIMITS 

UNITS 

LH0042 

LH0042C 

MIN 

TYP 





Input Offset Voltage 

R s < 100 ki2; ±5V < V s < 20V 


5.0 

20 


6.0 

20 

mV 

Temperature Coefficient of 

R s < 100 kJ2 


5 



10 


pV/°C 

Input Offset Voltage 









Offset Voltage Drift with Time 



7 



10 


MV/week 

Input Offset Current 



1 

5 


2 

10 

pA 

Temperature Coefficient of 


Doubles every 10° C 

Doubles every 10’C 


Input Offset Current 









Offset Current Drift with Time 



0.1 



0.1 


pA/week 

Input Bias Current 



10 

25 


15 

50 

pA 

Temperature Coefficient of 


Doubles every 10°C 

Doubles every 

10°C 


Input Bias Current 









Differential Input Resistance 



10 12 



10 12 


a 

Common Mode Input Resistance 



10 12 



10 12 


o 

Input Capacitance 



4.0 



4.0 


PF 

Input Voltage Range 


±12 

±13.5 


±12 

±13.5 


V 

Common Mode Rejection Ratio 

Rs^lOkfi. V, N = ±10V 

70 

86 


70 

80 


dB 

Supply Voltage Rejection Ratio 

R s < 10kJ2, ±5V< V s < ±15V 

70 

86 


70 

80 


dB 

Large Signal Voltage Gain 

R u = 1 kJ2. Vqut = ±10V 

50 

150 


25 

100 


V/mV 

Output Voltage Swing 

R t = 1 kS2 

±10 

±12.5 


±10 

±12 


V 

Output Current Swing 

Vqut = ±10V 

±10 

±15 


±10 

±15 


mA 

Output Resistance 



75 



75 


a 

Output Short Circuit Current 



20 



20 


mA 

Supply Current 



2.5 

3.5 


2.8 

4.0 

mA 

Power Consumption 




105 



120 

mW 


dc electrical characteristics For lhoo52/lhoo52c (Note 3) 




LIMITS 


PARAMETER 

CONDITIONS 

LH0052 

LH0052C 

UNITS 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Input Offset Voltage 

R s < 100 k£2; V s - ±15V. 
T a - 25°C 


0.1 

0 5 


0.2 

1.0 

mV 


R s < 100 kS2, V s = 4 15V 



1 0 



1.5 

mV 

Temperature Coefficient of 

R s < 100 kS2 


2 

5 


5 

10 

pV/°C 

Input Offset Voltage 









Offset Voltage Drift with Time 



2 



4 


pV/week 

Input Offset Current 

T a = 25°C 


0.01 

0 1 


0.02 

0.2 

pA 





100 



100 

pA 

Temperature Coefficient of 


Doubles every 10°C 

Doubles every 10°C 


Input Offset Current 









Offset Current Drift with Time 



<0.1 



<0.1 


pA/week 

Input Bias Current 

T a = 25° C , 


0.5 

1.0 


1.0 

5.0 

pA 





500 



500 

pA 

Temperature Coefficient of 


Doubles every 10°C 

Doubles every 10°C 


Input Bias Current 









Differential Input Resistance 



10 12 



10 12 


n 

Common Mode Input Resistance 



10' 2 



10 12 


n 

Input Capacitance 



4.0 



4.0 


pF 

Input Voltage Range 

V s = ±15V 

±12 

±13.5 


±12 

±13.5 


V 

Common Mode Rejection Ratio 

R s < 10 kS2, V IN = ±10V 

80 

90 


76 

90 


dB 

Supply Voltage Rejection Ratio 

R s < 10 kS2, ±5V < V s < ±15V 

80 

90 


76 

90 


dB 

Large Signal Voltage Gain 

R L = 2 kS2, V OUT = ±10V. 
V s = ±15V, T A = 25°C 

100 

200 


75 

160 


V/mV 


R L = 2 kS2, Vqut = ±10V, 
V s = ±1 5V 

50 



50 



V/mV 

Output Voltage Swing 

R l -- 1 k£2, T a = 25° C 
V s = ±15V 

±10 

±12.5 


±10 

±12 


V 


R l = 2 kft. V s = ±15V 

±10 



±10 



V 

Output Current Swing 

Vour= ±10V,T A = 25° C 

±10 

±15 


±10 

±15 


mA 

Output Resistance 



75 



75 


S2 

Output Short Circuit Current 



25 



25 


mA 

Supply Current 

V s = ±15V 


3.0 

3.5 


3.0 

3.8 

mA 

Power Consumption 

V s = +15V 



10.5 



114 

mW 
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PARAMETER 

CONDITIONS 

LIMITS 

UNITS 

LH0022/ 42/52 

LH0022C/42C/52C 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Slew Rate 

Voltage Follower 

1.5 

3.0 


1.0 

3.0 


V/ps 

Large Signal Bandwidth 

Voltage Follower 


40 



40 


kHz 

Small Signal Bandwidth 



1.0 



1.0 


MHz 

Rise Time 



0.3 

1.5 


0.3 

1.5 

MS 

Overshoot 



10 

30 


15 

40 

% 

Settling Time (0.1 %) 

AV| N = 10V 


4.5 



4.5 


MS 

Overload Recovery 



4.0 



4.0 


MS 

Input Noise Voltage 

R s = 10 kS2, f Q = 10 Hz 


150 



150 


nV/x/Hz 

Input Noise Voltage 

R s = 10 kS2, f D = 100 Hz 


55 



55 


nV/\/Hz 

Input Noise Voltage 

R s = 10 kS2. f 0 = 1 kHz 


35 



35 


nVA/Hz 

Input Noise Voltage 

R s = 10 kR f D = 10 kHz 


30 



30 


nVA/Hz 

Input Noise Voltage 

BW = 10 Hz to 10 kHz, R s = 10 kS2 


12 



12 


MVrms 

Input Noise Current 

BW= 10 Hz to 10 kHz 

! 

<1 



<1 


pArms 


ac electrical characteristics For ail amplifiers (T A = 25°C, V S = ±15V) 


Note 1: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 2: Rating applies for minimum source resistance of 1 0 k il, for source resistances less than 10 kS2, maximum differential 
input voltage is ±5V. 

Note 3: Unless otherwise specified, these specifications apply for ±5V < Vg < f 20V and -55° C < T A < + 125°C for the 
LH0022, LH0042 and LH0052 and -25° C < T A +85 u C for the LH0022C, LH0042C and LH0052C. Typical values are given for 
T a = 25° C. 


auxiliary circuits (shown for TO-5 pin out) 




Protecting Inputs From ±150V Transients 



Boosting Output Drive to ± 100 mA 


typical applications 




Precision Voltage Comparator 
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LH0022/LH0022C , LH0042/ 
LH0042C, LH0052/LH0052C 



typical applications (con't) 





Sensitive Low Cost "VTVM" 


Ultra Low Level Current Source 



True Instrumentation Amplifier 



R2 




Precision Sample and Hold 


Re-Zeroing Amplifier 




typical performance characteristics 



0 50 100 150 200 

TEMPERATURE ( C) 


Input Offset Current Input Bias Current vs 

vs Temperature Temperature 




Input Bias Current vs Input 
Voltage 



-10 -6 -2 2 6 10 
COMMON MODE INPUT VOLTAGE (V) 


Input Offset Voltage 
vs Temperature 



-60 -20 20 60 100 140 

TEMPERATURE (°C) 


Offset Error (Without 

Vqs Null) 



Offset Error (Without 
Vqs Null) 



INPUT SOURCE RESISTANCE (£ 2 ) 


Total Input Noise Voltage* 
vs Source Resistance 



Ik 10k 100k 1M 10M 


SOURCE RESISTANCE (S2) 


Total Input Noise Voltage* 
vs Frequency 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Common Mode Input Voltage 



5 10 15 20 


Stabilization Time of Input 
Offset Voltage from Power 
Turn-On 



0 12 3 4 


Change in Input Offset 
Voltage Due to Thermal 
Shock vs Time 



SUPPLY VOLTAGE (±V) 


TIME FROM POWER APPLICATION (MIN) 


TIME FROM HEAT APPLICATION (sec) 


*Noise Voltage Includes Contribution from Source Resistance 
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LH0022/LH0022C .LH0042/ 
LH0042C.LH0052/LH0052C 



LH0022/LH0022C - LH0042/ 
LH0042C,LH0052/LH0052C 





Amplifiers 


LH0024/LH0024C high slew rate operational amplifier 


general description 

The LH0024/LH0024C is a very wide bandwidth, 
high slew rate operational amplifier intended to 
fulfill a wide variety of high speed applications 
such as buffers to A to D and D to A converters 
and high speed comparators. The device exhibits 
useful gain in excess of 50 MHz making it possible 
to use in video applications requiring higher gain 
accuracy than is usually associated with such 
amplifiers. 

features 

■ Very high slew rate — 500 V/jUs at A v = +1 

■ Wide small signal bandwidth — 70 MHz 

■ Wide large signal bandwidth — 15 MHz 

■ High output swing — ±12V into IK 


■ Offset null with single pot 

■ Low input offset — 2 mV 

■ Pin compatible with standard 1C op amps 


The LH0024/LH0024C's combination of wide 
bandwidth and high slew rate make it an ideal 
choice for a variety of high speed applications 
including active filters, oscillators, and compara- 
tors as well as many high speed general purpose 
applications. 

The LH0024 is guaranteed over the temperature 
range ~55°C to +125°C, whereas the LH0024C 
is guaranteed -25°C to +85°C. 


schematic and connection diagrams 


COMP/NULL 



Metal Can Package 


COMP/NULL 



TOP VIEW 

Note: For heat sink use 
Thermalloy 2230-5 series. 

Order Number LH0024H or LH0O24CH 
See Package 9 


typical applications 


TTL Compatible Comparator 


Offset Null 


Video Amplifier 
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LH0024/LH0024C 



LH0024/LH0024C 


absolute maximum ratings 


Supply Voltage 
Input Voltage 
Differential Input Voltage 
Power Dissipation 

Operating Temperature Range LH0024 
LH0024C 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


±18V 
Equal to Supply 
±5V 
600 mW 
-55°C to +125°C 
-25° C to +85°C 
-65°C to ±150°C 
300° C 


dc electrical characteristics (Notei) 


PARAMETER 

CONDITIONS 

LH0024 

LH0024C 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Input Offset Voltage 

R s - 5012, T a = 25°C 


2.0 | 

4.0 


5.0 

8.0 

mV 


R s = 5012 



6.0 



10.0 

mV 

Average T emperature 

V s = ±15V, R s = 5012 


20 



25 


juV/° C 

Coefficient of Input 
Offset Voltage 

-55°C to 125°C 








Input Offset Current 

T a - 25°C 


2.0 

5.0 


4.0 

15.0 

HA 





10.0 



20.0 

HA 

Input Bias Current 

T a = 25°C 


15 

30 


18 

40 

HA 





40 



50 

HA 

Supply Current 



12.5 

13.5 


12.5 

13.5 

mA 

Large Signal Voltage 

V s = ±15V, R l = Ik, T a = 25° C 

4 

5 


3 

4 


V/mV 

Gain 

V s = ±15V, R l = Ik 

3 



2.5 



V/mV 

Input Voltage Range 

V s = ±15V 

±12 

±13 


±12 

±13 


V 

Output Voltage 

V s = ±1 5V, R l = Ik, T a = 25°C 

±12 

±13 


±10 

±13 


V 

Swing 

V s = ±15V, R l = Ik 

±10 



±10 



V 

Slew Rate 

V s = ±15V, R l = Ik, 
C-^ = C 2 = 30 pF 
A v = +1 , T A = 25°C 

400 

500 


250 

400 


V/ms 

Common Mode 

V s = ±15V, AV, n = ±10V 


60 



60 


dB 

Rejection Ratio 

R s = 5012 








Power Supply 

±5V < V s < ±18V 


60 



60 


dB 

Rejection Ratio 

R s = 5012 









Note 1: These specifications apply for ±5V < Vg < ±18V and -55°C to +125°C for the LH0024 and -25°C to +85°C for 
the LH0024C. 


frequency compensation 


TABLE I Frequency Compensation Circuit 


C3 



CLOSED 
LOOP GAIN 

Cl 

C 2 

c 3 

100 

0 

0 

0 

20 

0 

0 

0 

10 

0 

20 pF 

1 pF 

1 

30 pF 

30 pF 

3 pF 
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typical performance characteristics 


Maximum Power Dissipation 


Large Signal Frequency 
Response 



0 25 50 75 100 125 150 

TEMPERATURE (°C) 



Voltage Follower Pulse 
Response 



0 100 200 300 400 500 

TIME (ns) 


Input Voltage vs Supply 
Voltage 



0 5 10 15 20 

SUPPLY VOLTAGE {±V> 


Open Loop Frequency 
Response 



10k 100k 1M 10M 100M 

FREQUENCY (Hz) 


Output Voltage Swing 



0 5 10 15 20 

SUPPLY VOLTAGE (±V) 


Supply Current vs Supply 
Voltage 



4 6 8 10 12 14 16 18 

SUPPLY VOLTAGE (±V) 


Input Bias Current vs Voltage 



46 8 10 12 14 16 18 

SUPPLY VOLTAGE (iV) 


applications information 

1. Layout Considerations 

The LH0024/LH0024C,like most high speed cir- 
cuitry, is sensitive to layout and stray capacitance. 
Power supplies should be by-passed as near the 
device as is practicable with at least .01 /jlF disc 
type capacitors. Compensating capacitors should 
also be placed as close to device as possible. 

2. Compensation Recommendations 

Compensation schemes recommended in Table 1 
work well under typical conditions. However, poor 
layout and long lead lengths can degrade the per- 
formance of the LH0024 or cause the device to 
oscillate. Slight adjustments in the values for 
Cl, C2, and C3 may be necessary for a given 
layout. In particular, when operating at a gain of 


-1, C3 may require adjustment in order to per- 
fectly cancel the input capacitance of the device. 
When operating the LH0024/LH0024C at a gain 
of +1, the value of R1 should beat least IK ohm. 

The case of the LH0024 is electrically isolated from 
the circuit; hence, it may be advantageous to drive 
the case in order to minimize stray capacitances. 

3. Heat Sinking 

The LH0024/LH0024C is specified for operation 
without the use of an explicit heat sink. However, 
internal power dissipation does cause a significant 
temperature rise. Improved offset voltage drift 
can be obtained by limiting the temperature rise 
with a clip-on heat sink such as the Thermalloy 
2228B or equivalent. 
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LH0032/LH0032C 



Amplifiers 


LH0032/LH0032C ultra fast FET operational amplifier 


general description 

The LH0032/LH0032C is a high slew rate, high 
input impedance differential operational amplifier 
suitable for diverse application in fast signal handl- 
ing. The high allowable differential input voltage, 
ease of output clamping, and high output drive 
capability particularly suit it for comparator appli- 
cations. It may be used in applications normally 
reserved for video amplifiers allowing the use of 
operational gain setting and frequency response 
shaping into the megahertz region. 

features 

■ High slew rate 500 V//is 

■ High bandwidth 70 MHz 

■ High input impedance 10 12 L2 


■ Low input bias current 20 pA max 

■ Offset null with single pot 

■ Low input offset voltage 2 mV max 

■ No compensation for gains above 50 


The LH0032's wide bandwidth, high input imped- 
ance and high output capacity make it an ideal 
choice for applications such as summing amplifiers 
in high speed D to A's, buffers in data acquisition 
systems, and sample and hold circuits. Additional 
applications include high speed integrators and 
video amplifiers. The LH0032 is guaranteed over 
the temperature range -55°C to +125°C and the 
LH0032C is guaranteed from -25°C to +85° C. 


schematic and connection diagrams 



Metal Can Package 


COMPENSATION 



Note: For heat sink use thermalloy 

2240 series or Wakefield 215 XX series. 


Order Number LH0032G or LH0032CG 
See Package 6 


typical applications 

1 MHz Function Generator 



DC to Video Log Amplifier 
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absolute maximum ratings 


Supply Voltage 
Input Voltage 
Differential Input Voltage 
Power Dissipation 

Operating Temperature Range LH0032 
LH0032C 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


- v s 

±30V 
See cu rve 
-55°C to +1 25°C 
-25°C to + 85°C 
-65° C to +1 50°C 
300° C 


dc electrical characteristics (Notei) 



PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 



Input Offset Voltage 

V s = ±15V, R s < 100k, T a = 25°C 


2 

5 


5 

15 

mV 




V s = ±15V, R s < 100k 



10 



20 

mV 



Average Offset Voltage Drift 

R s <1 100k 


25 



25 


juV/°C 



Input Bias Current 

T a = 25° C 


10 

100 


25 

200 

pA 







50 



15.0 

nA 



Input Offset Current 

T a = 25° C 


5 

25 


10 

50 

pA 







25 



5 

nA 



Large Signal Voltage Gain 

V s = ± 15V, V OUT = ±10V, f = 1 kHz 

60 

70 


60 

70 


dB 




R L - 1 kfi, T a = 25° C 











V s = +15V, V OUT = ±10V, f = 1 kHz 

57 



57 



dB 




R l = 1 ktt 










Input Voltage Range 

V s - ± 15V 

±10 

±12 


±10 

±12 


V 



Output Voltage Swing 

V s = ±15V, R L = 1 kn 

±10 

±13.5 


+ 10 

±13 


V 



Power Supply Rejection Ratio 

V s = ±15V, AV S - +10V 

50 

60 


50 

60 


dB 



Common Mode Rejection Ratio 

V s = + 15V, AVirvi = 10V 

50 

60 


50 

60 


dB 


■ 

Supply Current 

V s = ±15V, T a = 25° C 


18 

20 


20 

22 

mA 

■ 


ac electrical characteristics (Note 2) 

PARAMETER CONDITIOP 

Slew Rate A v = +1,AV| N : 

Settling Time to 1% of Final Value A v = -1, AV, N : 

Settling Time to 0.1% of Final Value A v = - 1 , AV )N ; 

Small Signal Rise Time Ay = +1,AV| N : 

Small Signal Delay Time Ay = +1,AV, N : 


I 


CONDITIONS 

MIN 

TYP 

! MAX 

UNITS 

Ay = +1, AV, n = 20V 

350 

500 


V/jLtS 

Ay = -1, AV, n = 20V 


100 


ns 

Ay - -1, AV, n = 20V 


300 


ns 

Ay = +1, AV| N = IV 


8 

20 

ns 

Ay = +1, AV, n = IV 


10 

25 

ns 



LH0032/LH0032C 



typical performance characteristics 


Maximum Power Dissipation 


naoH 

ini 

biibbbiibbbi 

liflBBBlIBBBI 

BUI 


Large Signal Frequency 
Response 


i[j[j||jaijjiaMjj||^ 

hhhH 

i 


IIIHIIIIB 

iiiiiH 

jiittl 

llllllllll 

Hlffl 

111 

nuiB 

mm 

Nil 

imM 

I1IBI 

111 

|i|iiiH 

HMIIBI 

mi 

ml 

llllllfll 

ini 


IIIIIIIBI 

mi 

■uni 

IIIIIIIBI 

mu 


Open Loop Frequency 
Response 


II 


■hi 


isasii: 


TEMPERATURE (°C) 

FREQUENCY (Hz) 

FREQUENCY (Hz) 

Large Signal Pulse Response 

Large Signal Pulse Response 

Input Bias and Offset Current 
vs Temperature 



mm 


TEMPERATURE ( C) 


Input Voltage Range 



Output Swing 

20 T j— 

R l = IK 

_ T a = 25 ’C 

15 — M 


Supply Current vs Supply 
Voltage 


22 — T a = -55°C - 
1 20 ^ ^ ' 


1 6 8 10 12 14 16 18 20 0 5 10 15 20 

SUPPLY VOLTAGE (±V) SUPPLY VOLTAGE (±V) 


10 15 

SUPPLY VOLTAGE (±V) 





auxiliary circuits 


Offset Null 



v 


typical applications (con't) 

Unity Gain Amplifier 


v* 




100X Buffer Amplifier High Impedance, High Speed Comparator 





LH0032/LH0032C 


typical applications (con't) 


High Speed Sample and Hold 



Current Mode Multiplexer 



applications information 

Power Supply Decoupling 

The LH0032/LH0032C like most high speed cir- 
cuits is sensitive to layout and stray capacitance. 
Power supplies should be by-passed as near to 
Pins 10 and 12 as practicable with low inductance 
capacitors such as 0.01 fif disc ceramics. Compen- 
sation components should also be located close to 
the appropriate pins to minimize stray reactances. 


Input Capacitance 

The input capacitance to the LH0032/LH0032C is 
typically 5 pF and thus may form a significant 
time constant with high value resistors. For opti- 
mum performance, the input capacitance to the 
inverting input should be compensated by a small 
capacitor across the feedback resistor. The value 
is strongly dependent on layout and closed loop 
gain, but will typically be in the neighborhood of 
several picofarads. 


In the non-inverting configuration, it may be 
advantageous to bootstrap the case and/or a guard 
conductor to the inverting input. This serves both 
to divert leakage currents away from the non- 
inverting input and to reduce the effective input 
capacitance. A unity gain follower so treated will 
have an input capacitance under a picofarad. 

Heat Sinking 

While the LH0032/LH0032C is specified for opera- 
tion without any explicit head sink, internal power 
dissipation does cause a significant temperature 
rise. Improved bias current performance can thus 
be obtained by limiting this temperature rise with 
a small head sink such as the Thermalloy No. 2241 
or equivalent. The case of the device has no inter- 
nal connection, so it may be electrically connected 
to the sink if this is advantageous. Be aware, how- 
ever, that this will affect the stray capacitances 
to all pins and may thus require adjustment of 
circuit compensation values. 
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Amplifiers 


LH0036/LH0036C instrumentation amplifier 
general description 


The LH0036/LH0036C is a true micro power 
instrumentation amplifier designed for precision 
differential signal processing. Extremely high accu- 
racy can be obtained due to the 300 input 
impedance and excellent 100 dB common mode 
rejection ratio. It is packaged in a hermetic TO-8 
package. Gain is programmable with one external 
resistor from 1 to 1000. Power supply operating 
range is between ±1 V and ±18V. Input bias current 
and output bandwidth are both externally ad- 
justable or can be set by internally set values. 
The LH0036 is specified for operation over the 
-55°C to +125°C temperature range and the 


LH0036C is specified for operation over the 
-25°C to +85°C temperature range. 

features 


■ High input impedance 

■ High CMRR 

■ Single resistor gain adjust 

■ Low power 

■ Wide supply range 

■ Adjustable input bias current 

■ Adjustable output bandwidth 

■ Guard drive output 


300 w\n 
100 dB 
1 to 1000 
90juW 
±1V to ±1 8V 


equivalent circuit and connection diagrams 


INPUT GUARD 

BIAS DRIVE BANDWIDTH 

ADJUST OUTPUT CONTROL V + V" 




T0P VIEW 

Order Number LH0036 or LH0036C 
See Package 6 
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LH0036/LH0036C 



absolute maximum ratings 


Supply Voltage 
Differential Input Voltage 
Input Voltage Range 
Shield Drive Voltage 
CMRR Preset Voltage 
CMRR Trim Voltage 
Power Dissipation (Note 3) 


Short Circuit Duration 
Operating Temperature Range 
LH0036 
LH0036C 

Storage Temperature Range 

Lead Temperature, Soldering 10 seconds 


electrical characteristics (Notes land 2) 


Input Offset Voltage 
(V.os) 

Output Offset Voltage 
(V 0 os> 

Input Offset Voltage 
Tempco (AV, os /AT) 

Output Offset Voltage 
Tempco (AV 0 os/AT) 

Overall Offset Referred 
to Input (V os ) 


Input Bias Current 

Ob) 

Input Offset Current 
(•os) 

Small Signal Bandwidth 


Full Power Bandwidth 


R s = 1.0k£2, T A = 25 C 
R s = 1 .Okfi 

R s = 1.0k£2, T a = 25°C 
R s = I.OkO 


A v = 1.0 
A v - 10 
A* v = 100 
A v = 1000 

T a = 25° C 
T a = 25° C 

A v = 1.0, R l = 10k£2 
A v = 10, R l = 10k£2 
A v = 100, R l = 10k£2 
A v = 1000, R l = 10kf2 


Input Voltage Range 


Differential 
Common Mode 


Gain Nonlinearity 

Deviation From Gain 
Equation Formula 


Output Resistance 
Supply Current 

Equivalent Input Noise 
Voltage 


±5.0V < V s < ±15V, 

A v = 1.0 

±5.0V < V s < ±1 5V, 

Ay = 100 

Ay = 1 .0 DC to 

A v = 10 100 Hz 

Ay = 100 AR S = 1.0k 

V s = ±15V, R l = 10ktt, 
V s = +1.5V, R l = 100kn 


AV in =±10V, 

R l = 10k£2, Ay - 1.0 

To ±10 mV, R l = lOkfl, 
AVqut = 1.0V 
Ay = 1.0 
Ay = 100 


1.0 

5.0 

mV/V 

0.10 

0.50 

mV/V 

2.5 

5.0 

mV/V 

0.25 

0.50 

mV/V 

25 

50 

AV/V 

±13.5 


V 

±0.8 


V 

0.5 


n 

400 

600 


20 


pV/p-p 

0.3 


V/ms 

3.8 


As 

180 


As 


Note 1: Unless otherwise specified, all specifications apply for Vg - ±15V, Pins 1, 3, and 9 grounded, — 25° C to +85° C for the 
LH0036C and — 55° C to +125°C for the LH0036. 

Note 2: All typical values are for T/^ = 25° C. 

Note 3: The maximum junction temperature is 150°C. For operation at elevated temperature derate the G package on a 
thermal resistance of 90°C/W, above 25° C. 
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LH0036/LH0036C 


typical applications 




Instrumentation Amplifier with Logic Controlled 
Shut-Down 




Thermocouple Amplifier with Cold Junction Compensation 
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applications information 

THEORY OF OPERATION 


r 1 



FIGURE 1. Simplified LH0036 

The LH0036 is a 2 stage amplifier with a high 
input impedance gain stage comprised of A q and 
A 2 and a differential to single-ended unity gain 
stage, A 3 . Operational amplifier, A 1f receives 
differential input signal, e q , and amplifies it by a 
factor equal to (R1 + R G )/R G . 

A n also receives input e 2 via A 2 and R2. e 2 is seen 
as an inverting signal with a gain of R1/R G . A-, 
also receives the common mode signal e CM and 
processes it with a gain of +1. 

Hence: 


R1 + R g R1 

Vi = - e-, — — e 2 + e CM 

Rg Rg 


By similar analysis V 2 is seen to be: 

R2+R g R2 

y 2 _ — e 2 - — e q + e CM 

Rg Rg 


( 1 ) 


( 2 ) 


For R 1 = R2: 


V 2 -V q 



( e 2 - e l) 


(3) 


Also, for R3 = R5 = R4 = R6, the gain of A 3 = 1 , 
and: 


Gq ~ 0 )(V 2 — V q ) - (e 2 — e q ) 



As can be seen for identically matched resistors, 
e CM is cancelled out, and the differential gain is 
dictated by equation (4). 


For the LH0036, equation (4) reduces to: 


a vcl 


e 0 50k 

“ — = 1 + 

e 2 — e q R g 


(5a) 


The closed loop gain may be set to any value from 
1 (R g = °°) to 1000 (R G = 5012). Equation (5a) 
re-arranged in more convenient form may be used 
to select R g for a desired gain: 


Rg 


50k 

a vcl - 1 


(5b) 


USE OF BANDWIDTH CONTROL (pin 1) 

In the standard configuration, pin 1 of the LH0036 
is simply grounded. The amplifier's slew rate in 
this configuration is typically Q.3V//IS and small 


signal bandwidth 350 kHz for A V cl = 1. In some 
applications, particularly at low frequency, it may 
be desirable to limit bandwidth in order to mini- 
mize the overall noise bandwidth of the device. A 
resistor R BW may be placed between pin 1 and 
ground to accomplish this purpose. Figure 2 shows 
typical small signal bandwidth versus R BW . 



0.1 M 1.0M 1QM 100M 1000M 

R bw - RESISTANCE FROM PIN 1 TO GROUND <S>) 

FIGURE 2. Bandwidth vs Rgw 

It also should be noted that large signal bandwidth 
and slew rate may be adjusted down by use of 
Rbw- Figure 3 is plot of slew rate versus R BW . 



10k 100k 1.0M 10M 100M 

R bw - RESISTANCE FROM PIN 1 TO GROUND (S2) 


FIGURE 3. Output Slew Rate vs Rbw 
CMRR CONSIDERATIONS 
Use of Pin 9, CMRR Preset 

Pin 9 should be grounded for nominal operation. 
An internal factory trimmed resistor, R6, will 
yield a CM R R in excess of 80 dB (for A V cl = 1 00) . 
Should a higher CMRR be desired, pin 9 should 
be left open and the procedure, in this section 
followed. 


DC Off-set Voltage and Common Mode 
Rejection Adjustments 

Off-set may be nulled using the circuit shown in 
Figure 4. 


v + 



FIGURE 4. Vqs Adjustment Circuit 
Pin 8 is also used to improve the common mode 
rejection ratio as shown in Figure 5. Null is 
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LH0036/LH0036C 



LH0036/LH0036C 


applications information (con't) 


achieved by alternately applying ±10V (for V + & 
V = 15V) to the inputs and adjusting R1 for 
minimum change at the output. 


♦15 V 



FIGURE 5. CMRR Adjustment Circuit 

The circuits of Figure 4 and 5 may be combined 
as shown in Figure 6 to accomplish both V Q s 
and CMRR null. However, the V Q s and CMRR 
adjustment are interactive and several iterations 
are required. The procedure for null should start 
with the inputs grounded. 



-15 V 


FIGURE 6. Combined CMRR, Vqs Adjustment Circuit 

R2 is adjusted for V Q s null. An input of +10V 
is then applied and R1 is adjusted for CMRR null. 
The procedure is then repeated until the optimum 
is achieved. 

A circuit which overcomes adjustment interaction 
is shown in Figure 7. In this case, R2 is adjusted 
first for output null of the LH0036. R 1 is then 
adjusted for output null with +10V input. It is 
always a good idea to check CMRR null with a 
-10V input. The optimum null achievable will 
yield the highest CMRR over the amplifiers com- 
mon mode range. 


+15V 



FIGURE 7. Improved Vqs, CMRR Nulling Circuit 
AC CMRR Considerations 

The ac CMRR may be improved using the circuit 
of Figure 8. 


♦15 V 



FIGURE 8. Improved AC CMRR Circuit 

After adjusting R1 for best dc CMRR as before, 
R2 should be adjusted for minimum peak-to-peak 
voltage at the output while applying an ac 
common mode signal of the maximum amplitude 
and frequency of interest. 

INPUT BIAS CURRENT CONTROL 


Under nominal operating conditions (pin 3 ground- 
ed), the LH0036 requires input currents of 40 nA. 
The input current may be reduced by inserting a 
resistor (R B ) between 3 and ground or, alter- 
natively, between 3 and V . For R B returned to 
ground, the input bias current may be predicted 
by: 


•bias — 


V + - 0.5 
4 x 1 0 8 + 800 R b 


(6a) 


or 

v + - 0 5 - (4 x 10 s ) <I BIAS ) 
R b — — 

800 I bias 

Where: 


(6b) 


•bias = input Bias Current (nA) 

R B = External Resistor connected between 
pin 3 and ground (Ohms) 

V + = Positive Supply Voltage (Volts) 


Figure 9 is a plot of input bias current versus R B . 



10k 100k 1.0M 10M 100M 

R b - RESISTANCE FROM PIN 3 TO GROUND (S2) 


FIGURE 9. Input Bias Current as a Function of Rg 


As indicated above, R B may be returned to the 
negative supply voltage. Input bias current may 
then be predicted by: 


•bias 


(V + — V”) — 0.5 
4 x 10 8 + 800 R b 
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applications information (con't) 


(V + — V - ) — 0.5 — (4 x 1 0 8 ) ( I B i AS ) 

R b = (8) 

800 I bias 

Where: 

•bias = Input Bias Current (nA) 

R b = External resistor connected between 
pin 3 and V“ (Ohms) 

V + = Positive Supply Voltage (Volts) 

V” = Negative Supply Voltage (Volts) 



1 0k 100k 1.0M 10M 100M 

R b - RESISTANCE FROM PIN 3 V (U) 

FIGURE 10. Input Bias Current as a Function of Rg 


Figure 10 is a plot of input bias current versus 
R b returned to V it should be noted that band- 
width is affected by changes in R B . Figure 1 1 is a 
plot of bandwidth versus R B . 



10k 100k 1.0M 10M 100M 

R b - RESISTANCE FROM PIN 3 TO GROUND (:’) 


FIGURE 11. Unity Gain Bandwidth as a Function of Rg 


BIAS CURRENT RETURN 
PATH CONSIDERATIONS 

The LH0036 exhibits input bias currents typically 
in the 40 nA region in each input. This current 
must flow through R )SO as shown in Figure 12. 


+15V 



In a typical application, V s = ±15V, I B1 = l B2 = 
40 nA, the totai current, l T , would flow through 
Ri SO causing a voltage rise at point A. For values 
of Riso > 1 50 M£7, the voltage at point A exceeds 
the +12V common range of the device. Clearly, 
for Riso “ °°- the LH0036 would be driven to 
positive saturation. 


The implication is that a finite impedance must 
be supplied between the input and power supply 
ground. The value of the resistor is dictated by 
the maximum input bias current, and the common 
mode voltage. Under worst case conditions: 


^ V CMR — V CM 
Riso < ; 


(9) 


Where: 


V cm r = Common Mode Range (10V for 
the LH0036) 


V CM = Common Mode Voltage 


•t ~ • b i + • B2 


In applications in which the signal source is float- 
ing, such as a thermocouple, one end of the source 
may be grounded directly or through a resistor. 


GUARD OUTPUT 


Pin 2 of the LH0036 is provided as a guard drive 
pin in those stringent applications which require 
very low leakage and minimum input capacitance. 
Pin 2 will always be biased at the input common 
mode voltage. The source impedance looking into 
pin 2 is approximately 15 k£2. Proper use of the 
guard/shield pin is shown in Figure 13. 



For applications requiring a lower source impedance 
than 15 kf2, a unity gain buffer, such as the 
LH0002 may be inserted between pin 2 and the 
input shields as shown in Figure 14. 
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LH0036/LH0036C 


definition of terms 


Bandwidth: The frequency at which the voltage 
gain is reduced to 0.707 of the low frequency 
(dc) value. 


Voos “ 



Avcl ~ 



1000 


Closed Loop Gain, AycL : The ratio of the output 
voltage swing to the input voltage swing deter- 
mined by A V cl = 1 + (50k/R G ). Where: R G = 
Gain Set Resistor. 

Common Mode Rejection Ratio: The ratio of 
input voltage range to the peak-to-peak change in 
offset voltage over this range. 

Gain Equation Accuracy: The deviation of the 
actual closed loop gain from the predicted closed 
loop gain, A V cl = 1 + (50k/R G * ) for the specified 
closed loop gain. 

Input Bias Current: The current flowing at pin 5 
and 6 under the specified operating conditions. 


Overall Offset Voltage: 
Vc 


V OS = V 


IOS 


‘'OOS 


A VCL 


Power Supply Rejection Ratio: The ratio of the 
change in offset voltage, V os , to the change in 
supply voltage producing it. 


Resistor, Rg: An optional resistor placed between 
pin 3 of the LH0036 and ground (or V ) to 
reduce the input bias current. 


Input Offset Current: The difference between the 
input bias current at pins 5 and 6; i.e. l Q s = 

1 1 5 ~ 


Resistor, Rbw : An optional resistor placed be- 
tween pin 1 of the LH0036 and ground (or V ) 
to reduce the bandwidth of the output stage. 


Input Stage Offset Voltage, V|os : The voltage 
which must be applied to the input pins to force 
the output to zero volts for A VC1 _ = 100. 

Output Stage Offset Voltage, Vqos : The voltage 
which must be applied to the input of the output 
stage to produce zero output voltage. It can be 
measured by measuring the overall offset at unity 
gain and subtracting V t0 s- 


Resistor, R G : A gain setting resistor connected 
between pins 4 and 7 of the LH0036 in order to 
program the gain from 1 to 1000. 

Settling Time: The time between the initiation 
of an input step function and the time when the 
output voltage has settled to within a specified 
error band of the final output voltage. 
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Amplifiers 


LH0045/LH0045C two wire transmitter 


general description 


features 


The LH0045/LH0045C Two Wire Transmitters 
are linear integrated circuits designed to convert 
the voltage from a sensor to a current, and send 
it through to a receiver, utilizing the same simple 
twisted pair as the supply voltage. 

The LH0045 and LH0045C contain an internal 
reference designed to power the sensor bridge, 
a sensitive input amplifier, and an output current 
source. The output current scale can be adjusted 
to match the industry standards of 4.0 mA to 
20 mA or 10 mA to 50 mA. 

Designed for use with various sensors, the LH0045/ 
LH0045C will interface with thermocouples, strain 
gauges, or thermistors. The use of the power 
supply leads as the signal output eliminates two 
or three extra wires in remote signal applications. 
Also, current output minimizes susceptibility to 
voltage noise spikes and eliminates line drop 
problems. 


■ High sensitivity 

■ Low input offset voltage 

■ Low input bias current 

■ Single supply operation 

■ Programmable bridge reference 
(LH0045G) 

■ Non-interactive span and null adjust 

■ Over compensation capability 

■ Supply reversal protection 

The LH0045/LH0045C is intended to fulfill a wide 
variety of process control, instrumentation, and 
data acquisition applications. The LH0045 is 
guaranteed over the temperature range of -55°C to 
+125°C; whereas the LH0045C is guaranteed from 
-25°C to +85°C. 


> 10mA/juV 

1.0 mV 

2.0 nA 
10V to BOV 
5.0V to 30V 


equivalent schematic and connection diagrams 



12 PIN TO * ("G") PACKAGE. 


TQ-8 

12 (V“) 



TOP VIEW 

•NOTE: PIN 5 IS SHORTED TO PIN 6 TO OBTAIN A 
NOMINAL +5.1V. V„ EF . LEFT OPEN V BEF = +10V. 

THE CASE IS ISOLATED FROM THE CIRCUIT 
FOR BOTH T0-3 AND TO-8 

Order Number LH0045G or LH0045CG 
See Package 6 


TO-3 



Order Number LH0045K or LH0045CK 
See Package 14 
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LH0045/LH0045C 


absolute maximum ratings 

Supply Voltage (LI to common) +50V 

Input Current ±20 mA 

Input Voltage (Either Input to Common) 0V to V REF 

Differential Input Voltage ±20 V 

Output Current (Either LI or L2) 50 mA 

Reference Output Current 5.0 mA 

Power Dissipation 

LH0045G 1.5W 

LH0045K 3.0W 

Operating Temperature Range 

LH0045 — 55°C to +1 25° C 

LH0045C -25°C to +85° C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

electrical characteristics (Notei) 


PARAMETER 

CONDITIONS 

LIMITS 

UNITS 

LH0045 

LH0045C 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Input Offset Voltage (V os ) 

l s = 4.0 mA, T a = 25° C 


0.7 

2.0 


2.0 

7.5 

mV 


l s = 4.0 mA 



3.0 



10 

mV 

Offset Voltage Temperature 

l s = 4.0 mA 


3.0 



6.0 


mv/°c 

Coefficient (AV os /AT) 









Input Bias Current (l B ) 

T a - 25° C 


0.8 

2.0 


1.5 

7.0 

nA 





3.0 



10 

nA 

Input Offset Current ( 1 os ) 

T a = 25° C 


0.05 

0.2 


0.2 

1.0 

nA 





0.4 



1.5 

nA 

Open Loop 

Al s = 4.0 mA to 20 mA 

10 6 

10 7 


10 6 

10 7 



Transconductance (gMotJ 

Al s *10 mA to 50 mA 

2x10 6 

2x10 7 


2x10 6 

2x10 7 


nv 

Supply Voltage Range (V s ) 


9.0 


50 

9.0 


50 

V 


LH0045G pins 5 and 6 open 

15 


50 

15 


50 

V 

Input Voltage Range (V, N ) 


1.0 


3.3 

1.0 


3.3 

V 


LH0045G pins 5 and 6 open 

1.0 


7.6 

1.0 


7.6 

V 

Open Loop Output 

V s = 10V to 45V, l s = 4.0 mA, 


1.0 



1.0 


Mfl 

Impedance (Rout) 

T a = 25° C 








Common Mode Rejection 

AV, n = 1.0V to 3.3V, 

0.1 

0.05 


0.1 

0.05 


mV/V 

Ratio (CMRR) 

l s = 12 mA 








Power Supply Rejection 

AV S = 10V to 45V, l s = 12 mA 

0.1 

0.01 


0.1 

0.01 


mV/V 

Ratio (PSRR) 









Open Loop Supply Current 

V s = 50V 


2.0 

3.0 


2.0 

3.0 

mA 

Usol) 









Reference Voltage Load 

Al REF = 0 mA to 2.0 mA, 


0.05 

0.2 


0.05 

0.2 

% 

Regulation (AV REF /AI REF ) 

T a = 25° C 








Reference Voltage Line 

AV S = 10V to 45V, 


0.3 

0.5 


0.3 

0.5 

mV/V 

Regulation (AV REF /AV S ) 

T a = 25° C 








Reference Voltage Temperature 

l REF = 2.0 mA 


0.004 



0.004 


%/°C 

Coefficient (AV REF /AT) 









Reference Voltage (V REF ) 

l REF = 2.0 mA, T a = 25° C 

4.3 

5.1 

5.9 

4.3 

5.1 

5.9 

V 


l REF = 2.0 mA, T a = 25 C, 

8.6 

10.3 

12 

8.6 

10.3 

12 

V 


LH0045G pins 5 and 6 open 








Resistor R9 

l s = 12 mA, T a = 25° C 

95 

100 

105 

95 

100 

105 

n 

Average Temperature 

l s = 12 mA 


50 

300 


50 

300 

PPM/°C 

Coefficient of R9 (TCR 9 ) 









Resistor R5 

l s = 1.0 mA, T a = 25°C 

950 

1000 

1050 

950 

1000 

1050 

il 

Average Temperature 

l s = 1.0 mA 


50 

300 


50 

300 

PPM/°C 

Coefficient of R5 (TCR 5 ) 









Input Resistance (R, N ) 

T a = 25° C 


50 



50 


Mf2 


Note 1: Unless otherwise specified, these specifications apply for +10V < Vg < +50V, pin 5 shorted to pin 6 on the LH0045G, 
over the temperature range -55° C to +125°C for the LH0045 and -25° C to +85° C for the LH0045C. 
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typical performance characteristics 


LH0045G Maximum Power 
Dissipation 



0 25 50 75 100 125 150 

TEMPERATURE ( C) 


s 


LH0045K Maximum Power 
Dissi pation 




0 10 20 30 40 50 


SUPPLY VOLTAGE (V) 



10 100 1.0k 10k 100k 

FREQUENCY (Hz) 



-55 -35 -15 5 25 45 65 85 105 125 

TEMPERATURE (°C) 


Open Loop 
T ransconductance 
vs Frequency 



1.0 10 100 1.0k 10k 100k 1.0M 10M 100M 


FREQUENCY (Hz) 



Power Supply Rejection 
Ratio vs Frequency 



10 100- 1.0k 10k 100k 


VreF Line Regulation 



0 5.0 10 15 20 25 30 35 40 45 50 


FREQUENCY (Hz) 


SUPPLY VOLTAGE (V) 


Variation of VreF With 
Temperature Normalized 
to 25° C 



-75 -50 -25 0 25 50 75 100 125 
TEMPERATURE ( C) 


Vref vs Resistance Between 
Pin 5 and Pin 3 



1.0k 10k 100k 

RESISTANCE BETWEEN PIN 5 AND PIN 3 ill) 


Open Loop Supply 
Current vs Temperature 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE ( C) 


Change in R9 With Temperature 
Normalized to 25° C 



-75 -50 -25 0 25 50 75 100 125 150 

TEMPERATURE ( C) 
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typical applications* (con't) 



Instrumentation Amplifier Transmitter 


applications information 

CIRCUIT DESCRIPTION AND OPERATION 

A simplified schematic of the LH0045/LH0045C 
is shown in Figure 1. Differential amplifier, A 2 
converts very low level signals to an output current 
via transistor Q1. Reference voltage diode D1 is 
used to supply voltage for operation of A 2 and 
to bias an external bridge. Current source I-, 
minimizes fluctuation in the bridge reference 
voltage due to changes in V s . 

In normal operation, the LH0045/LH0045C is 
used in conjunction with an external bridge 
comprised of R B1 through R B4 . The bridge 
resistors in conjunction with bridge return resistor, 
R5, bias A 2 in its linear region and sense the input 
signal; e.g. R B4 might be a strain sensitive resistor 
in a strain gauge bridge. R T is adjusted to purposely 
unbalance the bridge for 4.0 mA output (null) 
for zero signal input. This is accomplished by 
forcing 2.5/iA more through R B3 than R B4 . 


The 2.5pA imbalance causes a voltage rise of 
(2.5/iA) x (1000) or 250/iV at the top of R B3 . 
Terminal L2 may be viewed as the output of an 
op amp whose closed loop gain is approximately 
R f /R b3 = 1600. 

The 250 /iV rise at the top of R b3 causes a 
voltage drop of (1600) x (250 /llV) or -0.4V across 
R9. An output current, l s , equal to 0.4V/R9 or 
4.0 mA is thus established in Q1. If R B4 is now 
decreased by 1.0£2 (due to application of a strain 
force), a —1.0 mV change in input voltage will 
result. This causes L2 to drop to -2.0V. The 
output current would then be 2.0V/1 OOH or 20 mA 
(Full Scale). If R B3 is a resistor of the same 
material as R B4 but not subjected to the strain, 
temperature drift effects will be equal in the two 
legs and will cancel. 

In actual practice the loading effects of R B2 on 
the gain (span) and R F on output current must be 
taken into account. 


I s = 4.0 mA (NULL. 0%) 

l s = 20 mA (100% FULL SCALE) 
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O 

in 

o 

o 

X 

—I 

— 

in 

o 

o 

X 


THERMAL CONSIDERATIONS 

The power output transistor of the LH0045 is 
thermally isolated from the signal amplifier, A 2 . 
Nevertheless, a change in the power dissipation 
will cause a change in the temperature of the 
package and thus may cause amplifier drift. These 
temperature excursions may be minimized by 
careful heat sinking to hold the case temperature 
equal to the ambient. With the TO-8 (G) package 
this is best accomplished by a clip-on heat sink 
such as the Thermalloy #224QA or the Wakefield 
#21 5-CB. The 8 lead TO-3 is particularly convenient 
for heat sinking, in that it may be bolted directly 
to many commercial aluminum heat sink extru- 
sions, or to the chassis. In both packages the case 
is electrically isolated from the circuit. 

In addition, the power change can be minimized 
by operating the device from relatively high supply 
voltages in series with a relatively high load resist- 
ance. When the signal forces the supply current 
higher, the voltage across the device will be 
reduced and the internal power dissipation kept 
nearly equal to the low current, high voltage 
condition. 

For example, take the case of a 4.0 mA to 20 mA 
transmitter with a 24V supply and a 10012 load 
resistance. The power at 4.0 mA is (23.6V) x (4.0 
mA) = 94.4 mW while at full scale the power is 
(22V) x (20 mA) = 440 mW. The net change in 
power is 345 mW. This change in power will cause 
a change in temperature and thus a change in 
offset voltage of A 2 . 

If the optimum load resistance of 80012 (from 
Figure 2) is used, the power at null is [24V 
(4.0 mA) x (80012)] (4.0 mA) = 83 mW. The 
power at full scale is [24V - (20 mA) x (80012)] 
(20 mA) = 160 mW. The net change is 77 mW. 
This change is significantly less than without the 
resistor. 

If the supply voltage is increased to 48V and the 
load resistance chosen to be the optimum value 
from Figure 2 (1.95k), then the power at null is 
[48V - (4.0 mA) x (1.95k)] (4.0 mA) = 160.8 



0 10 20 30 40 50 60 

SUPPLY VOLTAGE (V) 


FIGURE 2. Optimum Load Resistance vs Supply Voltage 


mW and the power at full scale is [48 - (20) x 
(1.95k)] (20 mA) = 180 mW for a net change of 
19.2 mW. 

Note that the optimized load resistance is actually 
the sum of the line resistance, receiver resistances 
and added external load resistance. However, in 
many applications the line resistance and receiver 
resistances are negligible compared to the added 
external load resistance and thus may be omitted 
in calculations. 

AUXILIARY PINS 

The LH0045 has several auxiliary pins designed to 
provide the user with enhanced flexibility and 
performance. The following is a discussion of pos- 
sible uses for these pins. 

Programmable Vr^p — Pins 5 and 6 (LH0045G 
Only) 

The LH0045G provides pins 5 and 6 to allow the 
user to program the value of the reference voltage. 
The factory trimmed 10V value is obtained by 
leaving 5 and 6 open. A short between 5 and 6 
will program the reference to a nominal 5.1V 
(equivalent to the fixed value used in the 
LH0045K). 

A resistor or pot may be placed between pin 5 
and common (pin 3) to obtain reference voltages 
between 10V and 30V or between pin 5 and pin 7 
for reference voltages below 10V. Increased ref- 
erence voltage might be useful to extend the 
positive common mode range or to accommodate 
transducers requiring higher supply voltage. A plot 
of resistance between pin 5 and pin 3 versus 
V REF is given in the typical electrical characteristics 
section. V REF may be adjusted about its nominal 
value by arranging a pot from V REF to common 
and feeding a resistor from the wiper into pin 5 
so that it may either inject or extract current. 
Lastly, pin 5 may be used as a nominal 1.7V 
reference point, if care is taken not to unduly 
load it with either dc current or capacitance. 
Obviously, higher supply voltages must be used 
to obtain the higher reference values. The minimum 
supply voltage to reference voltage differential is 
about 4.0V. 

Bridge Return 

An applications resistor is provided in the LH0045 
with a nominal value of 1.0 k!2. The primary 
application for the resistor is to maintain the 
minimum common mode input voltage (1.0V) 
required by the signal amplifier, A 2 . A typical 
input application might utilize a strain gauge or 
thermistor bridge where the resistance of the 
sensor is 10012. Since only 1.0 mA may be drawn 
from V REF , the 1.0 k!2 bridge return resistor is 
used to bias A 2 in its linear region as shown in 
Figure 3. 
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1.0 mA 



FIGURE 3. Use of Bridge Return 

Over Compensation — Pin 8 (LHQ045G), 

Pin 6 (LH0045K) 

Over compensation of the signal amplifier, A 2 may 
be desirable in dc applications where the noise- 
bandwidth must be minimized. A capacitor should 
be placed between pin 8 (pin 6 on the LH0045K) 
and pin 3, common. 

Typically, 

1 

^3 db = T ~TT “ 7 

2 7i R (Ci + Cext) 

where: 

R = 400 MO 

Cl = Internal Compensation Capacitor = 100 pF 

Cext = External (over-compensation) 

Capacitor 

Input Guard — Pins 9 and 12 (LH0045G) 

Pins 9 and 12 have no internal connection what- 
ever and thus need not be used. In some critical 
low current applications there may be an advantage 
to running a guard conductor between the inputs 
and the adjacent pins to intercept stray leakage 
currents. Pins 9 and 12 may be connected to this 
guard to simplify the PC board layout and allow 
the guard to continue under the device. (See AN-63 
for further discussion of guarding techniques.) 

NULL AND SPAN ADJUSTMENTS 

Most applications of the LH0045 will require 
potentiometers to trim the initial tolerances of the 
sensor, the external resistors and the LH0045 itself. 
The preferred adjustment procedure is to stimulate 
the sensor, alternating between two known values, 
such as zero and full scale. The span and null are 
adjusted by monitoring the output current on a 
chart recorder, meter, or oscilloscope. A full scale 
stimulus is applied to the sensor and the span 
potentiometer adjusted for the desired full scale. 
Then, to adjust the null, apply a zero percent 
signal to the sensor and adjust the null potentio- 
meter for the desired zero percent current 
indication. 

If it is impractical to cycle the sensor during the 
calibration procedure, the signal may be simulated 
electrically with two cautions: 1) the calibration 


signal must be floating and 2) the calibration thus 
achieved does not account for sensor inaccuracies 
and/or errors in the signal generator. 

SENSOR SELECTION 

Generally it is easiest to use an insulated sensor. 
If it is necessary to use a grounded sensor, the 
power supply must be isolated from chassis ground 
to avoid extraneous circulating currents. 

DESIGN EXAMPLE 

There are numerous circuit configurations that 
may be utilized with the LH0045. The following 
is intended as a general design example which 
may be extended to specific cases. 

Circuit Requirements 

Output Characteristics 

a. 0% = 4.0 mA (NULL) 

b. 100% = 20 mA (SPAN = 16 mA) 

c. Supply Voltage = 24V 

Input (Sensor) Characteristics 

a. V IN = 100 mV (Full Scale) 

b. V (N = 0 mV (Zero Scale) 

c. Source Impedance < 1.0£2 

General Characteristics 

a. 0°C < T a < +75° C 

b. Overall Accuracy < 0.5% 



FIGURE 4. Design Example Circuit 


Selection of Rp 

Input bias current to the LH0045C is guaranteed 
less than 10 nA. Furthermore, the change in l B 
over the temperature range of interest is typically 
under 1.0 nA. If l 2 span is selected to be I.OjuA 
(1000 A l B ) errors due to A I B /A T will be less 
than 0.1%. For SPAN = 16 mA. 

V SPAN = AV, =- (16mA)(R9) = -1.6V 
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where R9 = Internal Current Set Resistor = 10012 
For l 2 span = I.OpA, 


Hence, the current required to generate the null 
voltage, l 2 null is: 


Rf 


Vspan _ -1.6V 

* 2 SPAN 1 .0(lA 


^2 NULL 


^min Vi null 

R^ 


Rp = 1.6 M12 


Selection of Rg-j and Rg2 


The minimum input common mode voltage, V MIN 
required at the pin 10 input of A 2 is 1.0V. 
Furthermore, the maximum open loop supply 
current (Isol) drawn by the LH0045 is 3.0 mA. 
That leaves I M in ~ 4.0 mA - 3.0 mA = 1.0 mA 
left to bias the bridge at null. Hence: 


Rb2 


> 


Vmin 

Imin 


1.0V 
1.0 mA 


1.0 k!2 


And, 


1.0V- (-0.4V) 

= 0.875juA 

1.6 M12 


This current must be provided by R 0 s from 
V pj p p ■ hence : 

v ref - V M!N 
Ros : 

>2 NULL 

The nominal value for V REF is 5.1V, therefore 
the nominal value for R 0 s is: 

5.1V - 1.0V 

or 

0.875/uA 

R os = 4.6 M12 


Rri + Rr 


= 1.0V 


Rri ~ Rr 


1.0V 


1.0V 
= 1.0k (5.1 - 1.0) 
R b1 = 4.0 k!2 


It should be noted however, that the variation of 
V REF may be as high as 5.9V or as low as 4.3V. 
Furthermore, the tolerances of R9 (10012), R B1 . 
R B2 , and the input V Q s °f A 2 would predict values 
for R os as l° w as 3.98M and as high as 5.43M. The 
implication is that in the specific case, R 0 s should 
be implemented with a pot, of appropriate value, 
in order to accommodate the tolerances of V REF , 
R9» Vqs, Rei - R B2* etc - 


Alternatively, an LM113, 1.22V reference diode, 
or an op amp such as the LM108 may be used to 
bias the signal amplifier, A 2 as shown in Figure 5. 
These techniques have the advantage of lowering 
the impedance seen at pin 10. 

Selection of Rqs 


Selection of R 

SPAN is required to be 16 mA. From feedback 
theory and the gain equation we know: 

R f 1 

'SPAN “ V 1N — >< — 


Ros is selected to provide the null current of 
4.0 mA, V-, NULL = 4.0 mA x 10012 = 0.4V. 
From previous calculations we know that V MIN = 
1 .0V. The voltage pin 1 1 , V 2 is: 

V2 = V M in + V 0 s = V M |n 

for V , N = 0V 


where: 

R = total impedance in signal path between 
pin 10 and pin 1 1 

R9 = Current setting resistor = 10012 
V | n = Full scale input voltage = 100 mV 




FIGURE 5. Alternate Biasing Techniques 
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(Vin) (Rf) 

(•span ) (R9) 

(100 mV) (1.6 M12) 

R = 

(16 mA) (10012) 

R = 100 k!2 

As before, uncertainties in device parameters might 
dictate that R F be made a pot of appropriate 
value. 

Summary of the Steps to Determine 
External Resistor Values 

1. Select IpULL SCALE = 'null + 'SPAN f° r the 
desired application. (Inull is frequently 
4.0 mA and Ifull scale is frequently 
20 mA.) 


2. Select l 2 span s0 that it is large compared to 
AI b . 1000 AI b is a good value. 

3. Determine spa n = AV 2 = (Ispan )(R9). 

4. Determine R F = (V SPAN /I 2 span) 

5. Select 


R B2 


VmIN 

'min 


R B2 > 


1 VOLT 
'null 'sol 


Where: 

V M)N = minimum common mode input 
voltage 

'min = minimum available bridge current 

Isol = maximum open loop supply 
current 


6. Determine 

V REF - V M1N 
r bi ” r b2 — 

V MIN 

7. Determine V 2 N ull = 'null R9 

8. Determine 

V M | N — V 2 null 

'2 NULL 

r f 

9. Determine 

Vref - V MiN 
R OS : 

'2 NULL 


10. Determine 

(V.n) (Rf) 
('spanMRQ) 


Where: 

V| N = Sensor full scale output voltage 

ERROR BUDGET ANALYSIS 
Errors Due to Change in Vr EF (AVref) 

There are several factors which could cause a 
change in V REF . First, as the ambient temperature 
changes, a V REF drift of ±0.2 mV/°C might 
be expected. Secondly, supply voltage variations 
could cause a 0.5 mV/V change in V REF . Lastly, 
self-heating due to power dissipation variations 
can cause drift of the reference. 


An overall expression for change in V REF is: 

A V REF 


av ref - 1(0)(AP D1SS ) + AT a ] 
V 


Thermal Effects 


AV r 


AT 


, AV S 


(A V s ) 


Supply Voltage Effects 


Where: 


Q = Thermal resistance, either 

junction-to-ambient to junction 
to case 

APdiss = Change in avg. power dissipation 

AT a = Change in ambient temperature 

AV ref Reference voltage drift 
AT ~ (in m V/°C) 


AV c 


AV S 


= Line regulation of V RE 


Several steps may be taken to minimize the 
bracketed terms in the equation above. For 
example, operating the LH0045G with a heat-sink 
reduces the thermal resistance from 0 JA = 83°C/W 
to 0 JC = 60°C/W. For the LH0045K (TO-3) 
^ja = 40°C/W may be reduced to 0 JC = 25°C/W 
by using a heat sink. The AP DISS term may be 
significantly reduced using the power minimiza- 
tion technique described under "Thermal Con- 
siderations." For the design example, AP D1SS is 
reduced from 384 mW to 77 mW (R L = 80012.) 
Evaluating the LH0045G with a heat-sink and 
R l = 80012 yields. 

/ 60° C „ \ / 0.2 mV \ 

AV REF =1 — ~ (0.077W) + 75 Cl I — — 1 

0.5 mV 

+ (16V) 

V 

AV ref = 24 mV 

The LH0045K (TO-3) under the same operating 
conditions would exhibit a AV REF = 23 mV. 
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An expression for error in the output current 
due to AV ref is: 

Al s (K) (R os )(AV ref ) - (1 -K)(AV ref )(R f ) 

(%} = 100 


•span 

(R9)(R os )(*span ) 

Where: 


av bef = 

Total change in V REF 

K = 

CM 

CD 

CC 

RbI + Rb2 


R9 = 

Current set resistor 

•span = 

Change in output current from 
0% to 100% 


For the design example, AV 0 s = 0.263 mV, V )N 
(Full Scale) = 100 mV. Hence, 0.26 mV -r 100 mV 
or 0.26% worst case error could be expected in 
output current effects. 

Errors Due to Changes in R9 

The temperature coefficient of R9 (TCR) will 
produce errors in the output current. Changes in 
R9 may be caused by self-heating of the device or 
by ambient temperature changes. 

Al s AR9 

(in %) = 100 (6 P DISS + AT a ) 

•SPAN AT 

Where: 


For example, AV REF = 24 mV, K = 0.2, R9 = 
10017, Ispan ~ 16 mA. Hence, a 0.12% worst case 
error might be expected in output currents due to 
AV ref effects. 

Error Due to Vqs Drift 

One of the primary causes of error in l s is caused 
by V os drift. Drift may be induced either by 
self heating of the device or ambient temperature 
changes. The input offset voltage drift, AV 0 s/AT, 
is nominally 3.3/iV/°C per millivolt of initial offset. 
An expression for the total temperature dependent 
drift is: 

A V os 

A Vqs ~ [(0)(AP diss) + AT a ] 

Where: 


0 = Thermal resistance either from 
junction-to-ambient or junction-to- 
case 

AP D iss = Change in average power dissipation 
AT a = Change in ambient temperature 
AR9 

= TCR of R9 

AT 

Using the LH0045G design example, AR9/AT = 
0.03%/°C, hence a 3.2% worst case error in output 
current might be expected for operation without 
a heat sink over the temperature range. 

Heat sinking the device and using R L = 80017, 
reduces AI s /I span to 2.3%. Comparable error for 
the LH0045K would also be about 2.3%. 


6 = Thermal resistance either junction- 
to-ambient or junction-to-case 

APqiss = Change in average power dissipation 

AT a = Change in ambient temperature 

The bracketed term may be minimized by 
heat sinking and using the power minimiza- 
tion technique described under "Thermal 
Considerations." For the LH0045G design 
example, AVqs = 0.352 mV under ambient 
conditions and 0.263 mV using a heat-sink 
and R l = 80017. Comparable V Q s for the 
LH0045K would be 0.254 mV. 

The error in output current due to AV 0 s is: 


Al s 

(in %) = 100 x 

•span 


AVqs 

V|N (FULL SCALE) 


= 100 X 


Rf 

(R)(R9)0span) 


The error analysis indicates that the internal 
current set resistor, R9 is inadequate to satisfy 
high accuracy design criterion. In these instances, 
an external 10017 resistor should be substituted 
for R9. 

Obviously, the TCR of the resistor should be low. 
Metal film or wire-wound resistors are the best 
choice offering TCR's less than 10 ppm/°C versus 
50 ppm/°C typical drift for R9. 

External Causes of Error 

The components external to the LH0045 are also 
critical in determining errors. Specifically, the 
composition of resistors R B i, Ros^ Rf- R, etc. 
in the design example will influence both drift 
and long term stability. 

In particular, resistors and potentiometers of wire 
wound construction are recommended. Also, metal- 
film resistors with low TCR (< 10 ppm/°C) may 
be used for fixed resistor applications. 
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applications information (con't) 


Error Analysis Summary 

SOCKETS AND HEAT SINKS 

The overall errors attributable to the LH0045 
may be minimized using heat sinking, and utiliza- 
tion of an external load resistor. Although R L 
reduces the compliance of the circuit, its use is 
generally advisable in precision applications. Ex- 
ternal components should be selected for low 
TCR and long-term stability. 

The design example errors, using an external 
100£2 wire wound resistor for R9 equal: 

Mounting sockets, test sockets, and heat sinks 
are available for the G package and K package. 

The following or their equivalents are 
recommended: 

Sockets: 

G — 1 2 lead TO-8: Barnes Corp. #MGX-1 2 

Textool #212-100-323 

K - 8 lead TO-3: Keystone Elec. (N.Y.) #4626 

or #4627 

Heat Sinks 

Al s 

= 0.12% + 0.26% + 0.08% = 0.46% 

Icp A N '-V— ' "* 

AV ref AV os AR9 

G - 1 2 lead TO-8: Thermalloy #2240A 

Wakefield #215-CB 

K - 8 lead TO-3: IERC #LAIC 3B4V 

definition of terms 


Input Offset Voltage, Vqs : The voltage which 
must be applied between the input terminals 
through equal resistances to obtain 4.0 m,A of 
supply (output) current. 

Common Mode Rejection Ratio, CMRR: The ratio 
of the change in input offset voltage to the peak- 
to-peak input voltage range. 

Input Bias Current, lg*. The average of the two 
input currents. 

Power Supply Rejection Ratio, PSRR: The ratio 
of the change in input offset voltage to the change 
in supply (output) voltage producing it. 

Input Offset Current, Iqs : The difference in the 
current into the two input terminals when the 
supply (output) current is 4.0 mA. 

Input Voltage Range, V| N : The range of voltages 
on the input terminals for which the device 
operates within specifications. 

Input Resistance, Rin: The ratio of the change 
in input voltage to the change in input current at 
either input with the other input connected to 
1.0 Vdc. 

Open Loop Supply Current, Ig-' The supply current 
required with the signal amplifier A 2 biased off 
(inverting input positive, non-inverting input nega- 
tive) and no load on the V REF terminal. 

This represents a measure of the minimum low 
end signal current. 

Open Loop Transconductance, gMOL * The ratio 
of the supply (output) current SPAN to the input 
voltage required to produce that SPAN. 

Reference Voltage Line Regulation, AV RE p/AVg: 

The ratio of the change in V REF to the peak-to- 
peak change in supply (output) voltage producing 
it. 

Open Loop Output Resistance, Rout : The ratio 
of a specified supply (output) voltage change to 
the resulting change in supply (output) current at 
the specified current level. 

Reference Voltage Load Regulation, AVref/ 
AIref'- The change in V REF for a stipulated 
change in 1 REF . 
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LH0045/LH0045C 



LH0061/LH0061C 


Amplifers 


LH0061/LH0061C 0.5 amp wide band operational amplifier 


general description 

The LH0061/LH0061C is a wide band, high speed, 
operational amplifier capable of supplying currents 
in excess of 0.5 ampere at voltage levels of ±12V. 
Output short circuit protection is set by external 
resistors, and compensation is accomplished with a 
single external capacitor. With a suitable heat sink 
the device is rated at 20 Watts. 

The wide bandwidth and high output power capa- 
bilities of the LH0061/LH0061C make it ideal for 
such applications as AC servos, deflection yoke 
drivers, capstan drivers, and audio amplifiers. The 


LH0061 is guaranteed oyer the temperature range 
-55°C to +125°C; whereas, the LH0061C is guar- 
anteed from -25°C to +85°C. 


features 


Output current 

Wide large signal bandwidth 

High slew rate 

Low standby power 

Low input current 


schematic and connection diagrams 



TO-3 Package 


sc //0 ®\\ sc 

v+ f I® A oil v 


Order Numbers: 
LH0061K (-55°C to +125°C) 
LH0061CK (-25° C to +85°C) 
See Package 14 
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absolute maximum ratings 

Supply Voltage ±18V 

Power Dissipation See Curve 

Differential Input Current (Note 2) ±10 m.A 

Input Voltage (Note 3) ±15V 

Peak Output Current 2A 

Output Short Circuit Duration (Note 4) Continuous 

Operating Temperature Range LH0061 -55°C to +125°C 

LH0061C -25°C to +85° C 

Storage Temperature Range -65°C to +1 50°C 

Lead Temperature (Soldering, 10 sec) 300°C 

dc electrical characteristics (Notei) 

PARAMETER 

CONDITIONS 

LIMITS 

UNITS 

LH0061 

LH0061C 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Input Offset Voltage 

Rs ^ 10 kS2, T c = 25°C, V s = + 15V 


1.0 

4.0 


3.0 

10 

mV 


H s < lOkft, V S -±15V 



6.0 



15 

mV 

Voltage Drift with Temperature 

R s < 10 k£2 


5 



5 


AiV/°C 

Offset Voltage Change with Output Power 



5 



5 


/vV/ watt 

Input Offset Current 

T c = 25°C 


30 

100 


50 

200 

nA 





300 



500 

nA 

Offset Current Drift with Temperature 



1 



1 


nA/°C 

Input Bias Current 

Tc = 25° C 


100 

300 


200 

500 

nA 





1.0 



1.0 


Input Resistance 

T c = 25° C 

0.3 

1.0 


0.3 

1.0 


Mf2 

Input Capacitance 



3 



3 


pF 

Common Mode Rejection Ratio 

R s ^ 10 kQ, AV cm = ±10V 

70 

90 


60 

80 


dB 

Input Voltage Range 

V s = 415V 

+ 11 



±11 



V 

Power Supply Rejection Ratio 

R s <, 10kL2, AV S = + 10V 

70 

80 


50 

70 


dB 

Voltage Gain 

V s - + 15V, V 0 = +10V 









R L = 1 kf2. T c - 25°C 

50 

100 


25 

50 


V/mV 


V s = 515V, V Q = + 10V 









R L = 20S2 

5 



2.5 



V/mV 

Output Voltage Swing 

V s = ±15V, R L = 20S2 

+ 10 

±12 


+ 10 

±12 


V 

Output Short Circuit Current 

V 5 = ±15V, T c - 25°C. R sc = 1.0S2 


600 



600 


mA 

Power Supply Current 

V s = ±15V, V 0 ut - 0 


7 

10 


10 

15 

mA 

Power Consumption 

V s = i15V, V OUT = 0 


210 

300 


300 

450 

mW 

ac electrical characteristics (T c = 25°c f v s 

= ±15V, C c = 3000 pF) 



Slew Rate 

A v = + 1 , r l - loon 

50 

70 


50 

70 


MlHi 

Power Bandwidth 

R l - 100S2 


1 



1 


MHz 

Small Signal Transient Response 



30 



30 


ns 

Small Signal Overshoot 



5 

20 


10 

30 

% 

Settling Time (0.1%) 

AV 1N = 10V, A v = +1 


0.8 



0.8 


lii 

Overload Recovery Time 



1 



1 


ns 

Harmonic Distortion 

f = 1 kHz, P G = 0.5W 



0.2 



0.2 


% 

Notei: Specifications apply for 

±5V<Vs<±18V, Cc = 3000pF, and 

-55°C < Tc< +125°C 

for the 

LH0061K and 

-25°C < Tc < +85°C for the LH0061CK. Typical values are for T c = 

25 C. 







Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection 

Excessive current will flow if a 

differ- 

ential voltage in excess of IV is applied between the inputs without limiting resistors. 






1 Note 3: For supply voltages less than ±15V, the absolute maximum i 

nput voltage is equal to the supply voltage 



Note 4: Rating applies as long as package power rating is not exceeded. 
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LH0061/LH0061C 




LH0061/LH0061C 


typical performance characteristics 


Power Derating 


25 


25 50 75 100 125 

TEMPERATURE ( C> 


Safe Operating Area 




-15 -10 -5 0 5 10 15 

OUTPUT VOLTAGE (V) 


Large Signal Frequency 
Response 





“T 

\ 



III 

n 



4 


d 


4 


\ 





\ 

4 




l:£ 


typical applications 


- Nh 3nF 
LH0061 


Unity Gain Driver 



AC Servo Amplifier 


1-62 






LH0062/LH0062C 



Amplifiers 


LH0062/LH0062C high speed FET op amp 


general description 

The LH0062/LH0062C is a precision, high speed 
FET input operational amplifier with more than 
an order of magnitude improvement in slew rate 
and bandwidth over conventional FET 1C op 
amps. In addition it features very closely matched 
input characteristics, very high input impedance, 
and ultra low input currents with no compromise 
in noise, common mode rejection ratio or open 
loop gain. The device has internal unity gain fre- 
quency compensation, thus assuring stability in ail 
normal applications. This considerably simplifies 
its application, since no external components are 
necessary for operation. However, unlike most 
internally compensated amplifiers, external fre- 
quency compensation may be added for optimum 
performance. For inverting applications, feed- 
forward compensation will boost the slew rate to 
over 120 V//i s and almost double the bandwidth. 
(See LB-2, LB 14, and LB-17 for discussions of 
the application of feed-forward techniques). Over- 
compensation can be used with the amplifier for 
greater stability when maximum bandwidth is not 
needed. Further, a single capacitor can be added to 
reduce the 0.1% settling time to under 1 /is. In 
addition it is free of latch-up and may be simply 
offset nulled with negligible effect on offset drift 
or CMRR. 


The LH0062 is designed for applications requiring 
wide bandwidth, high slew rate and fast settling 
time while at the same time demanding the high 
input impedance and low input currents character- 
istic of FET inputs. Thus it is particularly suited 
for such applications as video amplifiers, sample/ 
hold circuits, high speed integrators, and buffers 
for A/D conversion and multiplex system. The 
LH0062 is specified for the full military tempera- 
ture range of -55° to +125°C while the LH0062C 
is specified to operate over a -25°C to +85°C 


temperature range. 

features 

■ High slew rate 70 V/jUS 

■ Wide bandwidth 15 MHz 

■ Settling time (0.1%) 1/is 

■ Low input offset voltage 2 mV 

■ Low input offset current 1 pA 

■ Wide supply range ±5V to ±20V 


■ Internal 6 dB/octave frequency compensation 

■ Pin compatible with std 1C op amps (TQ-5 pkg) 


schematic and connection diagrams* 


BALANCE'CQMP 1 COMP 2 



*Pin Numbers Shown for TO-5 Package 


Metal Can Package 


COMP 2 



Order Number 
LH0062H or LH0062CH 
See Package 9 


Dual-In-Line Package 



Order Number 
LH0062D or LH0062CD 
See Package 1 
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LH0062/LH0062C 


absolute maximum ratings 








Supply Voltage 

±20V 

Operating Temperature 




Power Dissipation (see graph) 

500 mW 


LH0062, 





-55°C to +125°C 

Input Voltage (Note 1 ) 

±15V 


LH0O62C, 




-25° C to +85°C 

Differential Input Voltage (Note 2) 

±30V 

Storage Temperature Range 



65°C to +150°C 

Short Circuit Duration 

Continuous 

Lead Temperature (Soldering, 10 sec) 


300°C 

dc electrical characteristics (Note 3) 









LIMITS 


PARAMETER 

CONDITIONS 

LH0062 

J LH0062C 

UNITS 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Input Offset Voltage 

R s < 1 00 kft;T A = 25°C 


2 

5 


10 

15 

mV 


R s ^100 kft 



7 



20 

mV 

Temperature Coefficient of 

Rs^lOOkfl 


5 

25 


10 

35 

*iV/°C 

Input Offset Voltage 









Offset Voltage Drift with Time 



4 



5 


MV/week 

Input Offset Current 

T a = 25° C 


0.2 

2 


1 

5 

pA 





2 



0.2 

nA 

Temperature Coefficient of 


Doubles every 10 C 

Doubles every 10°C 


Input Offset Current 









Offset Current Drift with Time 



0.1 



0.1 


pA/week 

laput Bias Current 

T A = 25° C 


5 

10 


10 

65 

pA 





10 



2 

nA 

Temperature Coefficient of 


Doubles every 10°C 

Doubles every 10°C 


Input Bias Current 









Differential Input Resistance 



10 12 



10 12 


n 

Common Mode Input Resistance 



10 12 



10 12 


« 

Input Capacitance 



4 



4 


pF 

Input Voltage Range 

V s = ±15V 

±10 

±12 


±10 

±12 


V 

Common Mode Rejection Ratio 

Rs^lOkfi, V 1N = ±10V 

80 

90 


70 

90 


dB 

Supply Voltage Rejection Ratio 

R s £ 10 kfi. ±5V ^ V s £ ±15V 

80 

90 


70 

90 


dB 

Large Signal Voltage Gain 

R L = 2 kS2, V OUT = ±10V, 
T a = 25°C, V s = ±15V 

50 

200 


25 

160 


V/mV 


R L = 2kS2, V OUT = ±10V, 
V s = ±15V 

25 



25 



V/mV 

Output Voltage Swing 

R L = 2 k«, T a = 25° C, 
V s = ±15V 

±12 

±13 


±12 

±13 


V 


R L = 2 kfl, V s = ±15V 

±10 



±10 



V 

Output Current Swing 

V O uT = ±10V. T A = 25°C 

±10 

±15 


±10 

±15 


mA 

Output Resistance 



75 



75 


n 

Output Short Circuit Current 

T a = 25°C 


25 



25 


mA 

Supply Current 

V S = ±15V 


5 

8 


7 

12 

mA 

Power Consumption 

V S = ±15V 



240 



360 

mW 

ac electrical characteristics (t a = 

25°C, \ 

f s = ±15V) 







1 LIMITS 


PARAMETER 

CONDITIONS 

| LH0062 | 

LH0062C 

UNITS 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Slew Rate 

Voltage Follower 

50 

70 


50 

70 


V//is 

Large Signal Bandwidth 

Voltage Follower 


2 



2 


MHz 

Small Signal Bandwidth 



15 



15 


MHz 

Rise Time 



25 



25 


ns 

Overshoot 



10 



15 


% 

Settling Time (0.1%) 

AV in = 10V 


1 



1 


JUS 

Overload Recovery 



09 



0.9 


MS 

Input Noise Voltage 

R s = 10 k n, f c = 10 Hz 


150 



150 


nV/VHz 

Input Noise Voltage 

R s = 10kft, f 0 = 100 Hz 


55 



55 


nV/V^Hz 

Input Noise Voltage 

R s = lOkfi, f 0 = 1 kHz 


35 



35 


nV/v/Hz 

Input Noise Voltage 

R s = 10kfi, f 0 = 10 kHz 


30 



30 


nVA/Hz 

Input Noise Voltage 

BW = 10 Hz to 10 kHz, R s = 10 kS2 


12 



12 


pVrms 

Input Noise Current 

BW = 10 Hz to 10 kHz 


<.1 



<1 


pArms 

i Note 1 : For supply voltages less than ± 1 5V, the absolute maximum input voltage is equal 

to the supply 

voltage 






Note 2: Rating applies for minimum source r 

•sistance of 10 kfi, for source resistances less than 10 k!J, maximum 

differential 





input voltage is ±5V. 









Note 3: Unless otherwise specified, these specifications apply for ±5V < V$ < ±20V and -55° C < T/^ < +125°C for the 
LH0062 and — 25° C < < +85° C for LH0062C. Typical values are given for = 25° C. Power supplies should be bypassed 





with 0.1 nF ceramic capacitors. 
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POWER DISSIPATION (mW) 


typical performance characteristics 


Maximum Power Dissipation 


Input Offset 
Current vs Temperature 


Input Bias 

Current vs Temperature 


800 



















TOE 

AND DIP 









□ 

£ 

4 

WITH 

HEAT 1 



FREE AIrN 

L_ 









4 













n 










===== 










m 





TEMPERATURE ( C) 


T- TEMPERATURE ( C) 


T - TEMPERATURE ( U C) 


Large Signal Frequency 
Response 


Voltage Follower 
Pulse Response 



0.5M 1M 2M SM TOM 20M SOM 
FREQUENCY (Hz) 










k 


1 



\ 


j 



\ 


/ 





1 

INPUT 


| 





' 

v 




1 


V s 

*15V 



T a 

= 25 C 




200 400 GOO 

TIME (ns) 


Open Loop Frequency 
Response 



Large Signal Frequency 
Response 



Inverter Pulse Response 



Open Loop Frequency 
Response 




M 3M TOM 30M 100M -0.T 0.1 0.3 0.5 0.7 0.9 


Inverter Settling Time 


Unity Gain Bandwidth 


Voltage Follower Slew Rate 


T a = 25°C X IV, 

r s = 5 kn — +4 — 1 

R f .Skft 100 
c f = io pF 

C S.7 - 0.1 » F I I 

93 0.1 0.3 

TIME ins) 




1 II 1 

_ POSITIVE SLEW __ 





— 



- 

r-. 


■>, , 























1 1 1 1 1 

NEGATIVE SLEW 


Vs 

D 

= ±1 

5V 







n s 

Cff 

2.0 pF 
1 








-55 -35 -15 5 25 45 65 85 105 125 -55 -35 -15 5 25 45 65 85 105 125 

TEMPERATURE TO TEMPERATURE (°C> 


>5 





LH0062/LH0062C 


typical performance characteristics (con't) 


Input Bias Current 
vs Input Voltage 


Total Input Noise 
Voltage* vs Frequency 


Total Input Noise Voltage* 
vs Source Resistance 



Voltage Gain 



5 10 15 20 

SUPPLY VOLTAGE (+V) 



100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Power Supply Rejection 



100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Supply Current 



5 10 15 20 

SUPPLY VOLTAGE (±V) 



Closed Loop Output 
Impedance 



0 


5 10 15 20 25 10 100 Ik 10k 100k 1M 

OUTPUT CURRENT (mA) FREQUENCY (Hz) 

*Noise Voltage Includes Contribution from Source Resistance 


auxiliary circuits 

Feedforward Compensation for Greater 
Inverting Slew Rate* 



Offset Balancing 



Compensation for Minimum Settling* Time 
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auxiliary circuits (con't) 


Isolating Large Capacitive Loads Overcompensation Boosting Output Drive to ±100 mA 



typical applications* 


Fast Voltage Follower Fast Summing Amplifier Differential Amplifier 
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typical applications* (con't) 


Precision Integrator 



*Pin numbers shown for TO-5 package 


Precision Wide Range Current to Period Converter 



INPUT CURRENT (AMPS) 




Amplifiers 


LH740A/LH740AC FET input operational amplifier 


general description 

The LH740A/LH740AC is a FET input, general 
purpose operational amplifier with high input 
impedance, closely matched input characteristics, 
and good slew rates. Input offset voltage is typi- 
cally 10.0 mV at 25°C, while input bias current is 
less than 100 pA at 25°C. Offset current is ty pi 
cat I y less than 40 pA at 25°C. Other important 
design features include: 

« Internal 6 dB/octave frequency compensation 

■ Unity gain slew rate in excess of 6 V/qs 

■ Unity gain bandwidth of 1 MH/ 

■ Input offset is adjustable with a single 10k pot 

■ Pin compatible with LM741, LM709, LM101A, 
and ju A740 

■ Excellent offset current match over tempera- 
ture, typically 100 pA 


■ Output is continuously short-circuit proof 

■ Excellent open loop gain, typically in excess of 
100 dB 

■ Guaranteed over the full military temperature 
range 


The LH740A/LH740AC is intended to fulfill a 
wide variety of applications requiring extremely 
low bias currents such as integrators, sample and 
hold amplifiers, and general purpose operational 
amplifier applications. 

The LH740A is specified for operation over the 
-55 C to +125°C military temperature range. The 
LH740AC is specified for operation over the 0°C 
to + 85 C temperature range. 


connection diagram 



TOP VIEW 

Order Number LH740AH or LH740ACH 
See Package 9 

typical applications 

Integrator Transient Response 
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LH740A/LH740AC 



LH740A/LH740AC 


absolute maximum ratings 


Supply Voltage 


±22V 

Maximum Power Dissipation 


500 mW 

Differential Input Voltage 


±5V 

Input Voltage 


±15V 

Short Circuit Duration 


Continuous 

Operating Temperature Range 

LH740A 

-55°C to + 1 25° C 


LH740AC 

0°C to +85°C 

Storage Temperature Range 


-65°C to +150°C 

Lead Temperature (soldering, 10 sec.) 

300° C 


electrical characteristics (Note I ) (V s = ±15V, T a = 25°C unless otherwise noted) 


PARAMETER 

CONDITIONS 

1 LH740A 

| LH740AC 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Input Offset Voltage 

R s < 100 kS2 


10 

15 


10 

20 

mV 

Input Offset Current 



40 

100 


60 

150 

pA 

Input Current (either input) 



100 

200 


100 

500 

PA 

Input Resistance 



1,000,000 



1,000,000 


MH 

Large Signal Voltage Gain 

R L > 2 ktt, V OUT = +10V 

50.000 

100,000 


50,000 

100,000 


V/V 

Output Resistance 



75 



75 


n 

Output Short-Circuit Current 



20 



20 


mA 

Common Mode Rejection Ratio 


80 



80 



dB 

Supply Voltage Rejection Ratio 


80 



80 



dB 

Supply Current 



3.0 

4.0 


3.0 

4.0 

mA 

Slew Rate 



6.0 



6.0 


V/ais 

Unity Gain Bandwidth 



1.0 



1.0 


MHz 

Transient Response (Unity Gain) 

C L < 100 pF. R l = 2 kJi, V, N = 100 mV 








Risetime 



110 



300 


ns 

Overshoot 



10 

20 


10 


% 


(These specifications apply for -55° C < T A < 125C for the LH740A and 0 J C < T A < 85°C for the LH740AC unless otherwise noted.) 


Input Voltage Range 


±12 



±12 



V 

Common Mode Rejection Ratio 


80 



80 



dB 

Supply Voltage Rejection Ratio 


80 



80 



dB 

Large Signal Voltage Gain 


40.000 



40.000 



V/V 

Output Voltage Swing 

r l > io kn 

±12 

±14 


±12 

±14 


V 


R L > 2 kSI 

±10 

±13 


±10 

±13 


V 

Input Offset Voltage 



15 

20 


30 


mV 

Input Offset Current 



100 

500 


60 

500 

pA 

Input Current (either input) 



2.5 

4.0 


1.1 

5.0 

nA 

Offset Voltage Drift 

R s < 100K 


5.0 



5.0 


pV/°C 


Notel: For supply voltages less than ±10V, the absolute maximum input voltage is equal to the 
supply voltage. 


typical performance characteristics 
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Amplifiers 


LH2101A/LH2201A/LH2301A dual high performance op amp 
general description 

The LH2101 A series of dual operational amplifiers -25°C to +85°C temperature range. The LH2301 A 

are two LM101A type op amps in a single hermetic is specified for operation over the 0°C to +70°C 

package. Featuring all the same performance char- temperature range, 

acteristics of the single, these duals offer in addition 

closer thermal tracking, lower weight, reduced Te3Tlir6S 

insertion cost, and smaller size than two singles. ■ Low offset voltage 

For additional information, see the LM101A data m Low offset current 

sheet and National's Linear Application Handbook. _ « , , u 

■ Guaranteed drift characteristics 

The LH2101A is specified for operation over the " offsets guaranteed over entire common mode 

-55°C to +125°C military temperature range. The anc * su PP , 'f vo Itege ranges 

LH2201A is specified for operation over the ■ Slew rate of lOV/pts as a summing amplifier 

connection diagram 



>— O BALANCE 
OUTPUT 

U COMPENSATION 


Order Number LH2101AD or Order Number LH2101AF or 
LH2201AD or LH2301AD LH2201AF or LH2301AF 

See Package 2 See Package 5 


auxiliary circuits 


Inverting Amplifier with Balancing Circuit Alternate Balancing Circuit 


Single Pole Compensation 


* .XT 4 - 7 R4 




Two Pole Compensation 


Feedforward Compensation 
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LH2101A/LH2201A/LH2301A 



LH2101A/LH2201A/LH2301A 


absolute maximum ratings 


Supply Voltage 
Power Dissipation (Note 1) 
Differential Input Voltage 
Input Voltage (Note 2) 
Output Short Circuit Duratio 


+ 22V 
500 mW 
t30V 
+ 15V 
Continuous 


Operating Temperature Range LH2101A 
LH2201A 
LH2301A 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


-55 C to 125 C 
-25 C to 85°C 
0 C to 70°C 
-65’C to 1 50°C 
300° C 


electrical characteristics each side (Note 3) 


PARAMETER 

CONDITIONS 

LIMITS 

UNITS 

LH2101A 

LH2201A 

LH2301A 

Input Offset Voltage 

T A = 25°C, R s < 50 kf2 

2.0 

2.0 

7.5 

mV Max 

Input Offset Current 

T a - 25°C 

10 

10 

50 

nA Max 

Input Bias Current 

T A = 25°C 

75 

75 

250 

nA Max 

Input Resistance 

T a - 25 U C 

1.5 

1.5 

0.5 

MS2 Min 

Supply Current 

T a - 25°C, V s = +20V 

30 

3.3 

3.0 

mA Max 

. 

Large Signal Voltage Gain 

T a ^ 25°C, V s -- 115V 
V OUT = 110V, R L > 2 kS2 

50 

50 

25 

V/mV Min 

Input Offset Voltage 

R s < 50 kS2 

3.0 

3.0 

10 

mV Max 

Average T emperature 
Coefficient of Input 
Offset Voltage 


15 

15 

30 

^V/°C Max 

Input Offset Current 


20 

20 

70 

nA Max 

Average Temperature 
Coefficient of Input 
Offset Current 

25° C < T A < 125°C 
-55°C < T A < 25°C 

0.1 

0.2 

0.1 

0.2 

0.3 

0.6 

nA/°C Max 
nA/°C Max 

Input Bias Current 


100 

100 

300 

nA Max 

Supply Current 

T a = +125°C, V s = 120V 

2.5 

2.5 


mA Max 

Large Signal Voltage Gain 

V s = ±15V, V OUT = +10V 
R L >2kS2 

25 

25 

15 

V/mV Min 

Output Voltage Swing 

V s = ±15V, R l = 10 kf2 
R L = 2 k!2 

±12 

no 

+ 12 
±10 

±12 

±10 

V Min 

V Min 

Input Voltage Range 

V s - 120 V 

±15 

+ 15 

±12 

V Min 

Common Mode 
Rejection Ratio 

R s <;50 ki2 

80 

80 

70 

dB Min 

Supply Voltage 
Rejection Ratio 

R s < 50 kf2 

80 

80 

70 

dB Min 


Note 1: The maximum junction temperature of the LM2101A is 150°C, while that of the LH2201A is 100°C. For operating 
temperatures, devices in the flat package, the derating is based on a thermal resistance of 185 C/W when mounted on a 
1/1 6-inch-thick epoxy glass board with 0.03-inch-wide, 2 ounce copper conductors. The thermal resistance of the dual-in-line 
package is 100°C/W, junction to ambient. 

Note 2: For supply voltages less than + 15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 3: These specifications apply for ±5V < V s < + 20V and -55°C < T/\ < 125°C, unless otherwise specified. With the 
LH2201A, however, all temperature specifications are limited to-25°C< T/\ < 85°C. For the LFI2301A these specifications 
apply for 0°C < T/\ < 70°C, ±5V and < Vc; < + 15V. Supply current and input voltage range are specified as Vg = +15V for 
the LFI2301A. C-j = 30 pF unless otherwise specified. 
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Kli 


Amplifiers 


LH2108/LH2208/LH2308, LH2108A/LH2208A/LH2308 A 
dual super beta op amp 
general description 


The LH2108A/LH2208A/LH2308A and LH2108/ 
LH2208/LH2308 series of dual operational amp- 
lifiers are two LM108A or LM108 type op amps 
in a single hermetic package. Featuring all the 
same performance characteristics of the single 
device, these duals also offer closer thermal track- 
ing, lower weight, reduced insertion cost, and 
smaller size than two single devices. For additional 
information see the LM108A or LM108 data sheet 
and National's Linear Application Handbook. 

The LH2108A/LH2108 is specified for operation 
over the -55°C to +125°C military temperature 
range. The LH2208A/LH2208 is specified for 
operation over the -25°C to +85°C temperature 


range. The LH2308A/LH2308 is specified for 
operation over the 0°C to +70°C temperature 
range. 

features 

■ Low offset current 50 pA 

■ Low offset voltage 0.7 mV 

■ Low offset voltage LH2108A 0.3 mV 

LH2108 0.7 mV 

■ Wide input voltage range ±15V 

■ Wide operating supply range ±3V to ±20V 


connection diagram 



Order Number LH2108AD, LH2208AD, 
LH2308AD, or LH2108D, LH2208D, 
or LH2308D 
See Package 2 


Order Number LH2108F, LH2208F, 
or LH2308F 
See Package 5 


auxiliary circuits 

Standard Compensation Circuit 


R1 R2 



Alternate * Frequency Compensation 

R1 R2 



Feedforward Compensation 
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LH2108/LH2208/ LH2308, 
LH2108A/LH2208A/LH2308A 



LH2108/LH2208/LH2308, 

LH2108A/LH2208A/LH2308A 


absolute maximum 

ratings 





Supply Voltage 
Power Dissipation (Note 1) 
Differential Input Current (Note 2) 
Input Voltage (Note 3) 

Output Short Circuit Duration 

±20V 
500 mW 
±10 mA 
+ 15V 
Continuous 

Operating Temperature Range 
LH2108A/LH2108 
LH2208A/LH2208 
LH2308A/LH2308 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 

-55°C to +125°C 
-25°C to +85°C 
0°C to +70° C 
~65°C to +150°C 
300° C 

electrical characteristics each side (Note 4} 




PARAMETER 

CONDITIONS 

LIMITS 


LH2108 

LH2208 

LH2308 


Input Offset Voltage 

T a = 25° C 

2.0 

20 

7.5 

mV Max 

Input Offset Current 

T a - 25 C 

0.2 

0.2 

1.0 

nA Max 

Input Bias Current 

T a - 25 C 

2.0 

2.0 

7.0 

nA Max 

Input Resistance 

T a - 25 C 

30 

30 

10 

M£2 Min 

Supply Current 

T a = 25 C 

0.6 

0.6 

0.8 

mA Max 

Large Signal Voltage Gain 

T a = 25 C V s - M5V 
Vqut ^ + 10V. R, > 10 kS2 

50 

50 

25 

V/mV Min 

Input Offset Voltage 


3.0 

3 0 

10 

mV Max 

Average Temperature Coefficient 
of Input Offset Voltage 


15 

15 

30 

pV/°C Max 

Input Offset Current 


04 

0 4 

1.5 

nA Max 

Average Temperature Coefficient 
of Input Offset Current 


2 5 

2 5 

10 

pA/' C Max 

Input Bias Current 


3.0 

3.0 

10 

nA Max 

Supply Current 

T a = + 125 C 

0 4 

0.4 

- 

mA Max 

Large Signal Voltage Gain 

V s = +15V, V OUT - * 10V 
R L > 10 kil 

2b 

25 

15 

V/mV Mm 

Output Voltage Swing 

V s * 1 5V, R l - 10 kSZ 

* 13 

* 13 

* 13 

V Min 

Input Voltage Range 

V s - *1 5V 

* 13.5 

M3 5 

* 14 

V Mm 

Common Mode Rejection Ratio 


85 

85 

80 

dB Mm 

Supply Voltage Rejection Ratio 


80 

80 

80 

dB Mm 

electrical characteristics each side (Note 4) 

PARAMETER 

CONDITIONS 

LIMITS 

UNITS 

LH2108A 

LH2208A 

LH2308A 

Input Offset Voltage 

T a -- 25 C 

0 5 

0 5 

0 5 

mV Max 

Input Offset Current 

T A - 25 C 

0 2 

02 

1 0 

nA Max 

1 nput Bias Current 

T a 25 C 

2 0 

20 

7 0 

nA Max 

Input Resistance 

T a - 25 C 

30 

30 

10 

M£2 Mm 

Supply Current 

T A - 25 C 

0 6 

0 6 

0.8 

mA Max 

Large Signal Voltage Gain 

T a 25 C V s - M5V 
Vout - ‘10V, R l > 10 ki 2 

80 

80 

80 

V/mV Min 

Input Offset Voltage 


1.0 

1.0 

0.73 

mV Max 

Average Temperature Coefficient 
of Input Offset Voltage 


5 

5 

5 

pV/°C Max 

Input Offset Current 


0 4 

0 4 

1.5 

nA Max 

Average Temperature Coefficient 
of Input Offset Current 


2 5 

2 5 

10 

pA/ C Max 

Input Bias Current 


3.0 

30 

10 

nA Max 

Supply Current 

T a - +1 25 C 

0 4 

0 4 


mA Max 

Large Signal Voltage Gam 

V s = + 1 5V , V OUT “ MOV 
R l > 10 kS'2 

40 

40 

60 

V/mV Mm 

Output Voltage Swing 

V s = M5V, R l = 10 kS2 

M3 

M3 

M3 

V Mm 

Input Voltage Range 

V s - M5V 

M3 5 

M3 5 

M4 

V Mm 

Common Mode Rejection Ratio 


96 

96 

96 

dB Mm 

Supply Voltage Rejection Ratio 


96 

96 

96 

dB Mm 

Not* 1: The maximum junction temperature of the LH2108A/LH21Q8 is 150 c C, while that of the LH2208A/LH2208 is 
100°C and the LH2308A/LH2308 is 85° C. For operating at elevated temperatures, devices in the flat package, the derating is 
based on a thermal resistance of 185°C/W when mounted on a 1 /16-inch-thick epoxy glass board with 0.03-inch-wide, 2-ounce 
cooper conductors. The thermal resistance of the duai-in-line package is 100° C/W, junction to ambient. 

Not* 2: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will flow if 
a differential input voltage in excess of IV is applied between the inputs unless some limiting resistance is used. 

Not* 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Not* 4: These specifications apply for ±5V < Vg < ±20V and -55° C < T^ < 125°C, unless otherwise specified. With 
the LFI2208A/LFI2208, however, all temperature specifications are limited to -25°C < T ^ < 85°C and with the LH2308A/ 
LH2308 for ±5V < Vg < 15V and 0°C < T A < 70°C 
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Amplifiers 


LH24250/LH24250C dual programmable micropower op amp 


general description 

The LH24250/LH24250C series of dual program- 
mable micropower operational amplifiers are two 
LM4250 type op amps in a single hermetic pack- 
age. Featuring all the same performance character- 
istics of the LM4250, the LH24250/LH24250C 
duals also offer closer thermal tracking, lower 
weight, reduced insertion cost and smaller size 
than two single devices. For additional informa- 
tion, see the LM4250 data sheet and National's 
Linear Application Handbook. 


features 

■ ±1V to ±18V power supply operation 

■ Standby power consumption as low as 20 /Ml 

■ Offset current programmable from less than 
0.5 nA to 30 nA 

■ Programmable slew rate 

■ May be shut-down using standard open collector 
TTL 

■ Internally compensated and short circuit proof 


connection diagram and auxiliary circuit 



Order Number LH24250F or LH24250CF 
See Package 5 

Order Number LH24250D or LH24250CD 
See Package 2 


Offset Null Circuit 


v* 



typical quiescent current setting resistor 



(Pin 8 to V-) 


V s 

10 At A 

30 ju A 

100 AtA 

300 /uA 

±1.5 

1.5 MS2 

470 kS2 

150 k£2 


±3 

3.3 MS"2 

1.1 

330 k 12 

100 k!2 

±6 

7.5 MS2 

2.7 MS2 

750 kS2 

220 k!2 

±9 

13 MS2 

4 MI2 

1.3 M£2 

350 kft 

±12 

18 MST2 

5.6 MS2 

1.5 MS2 

5l0kft 

±15 

22 MS2 

7.5 

2.2 M12 

620 k£2 


SUPPLY VOLTAGE - V s (V) 
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LH24250/LH24250C 



LH24250/LH24250C 





Buffers 


LH0002/LH0002C* current amplifier 


general description 

The LH0002/LH0002C is a general purpose thick 
film hybrid current amplifier that is built on a 
single substrate. The circuit features: 

■ High Input Impedance 400 k£2 

■ Low Output Impedance 

■ High Power Efficiency 

■ Low Harmonic Distortion 

■ DC to 30 MHz Bandwidth 

■ Output Voltage Swing that Approaches Supply 
Voltage 

■ 400 mA Pulsed Output Current 

■ Slew rate is typically 200V//is 

■ Operation from ±5V to ±20V 

These features make it ideal to integrate with an 
operational amplifier inside a closed loop configu- 
ration to increase current output. The symmetrical 


output portion of the circuit also provides a low 
output impedance for both the positive and nega- 
tive slopes of output pulses. 

The LH0002 is available in an 8-lead low-profile 
TO-5 header; the LH0002C is also available in an 
8-lead TO-5, and a 10-pin molded dual-in-line 
package. 

The LH0002 is specified for operation over the 
~55°C to +125°C military temperature range. The 
LH0002C is specified for operation over the 0°C 
to +85°C temperature range. 

applications 

■ Line driver 

■ 30 MHz buffer 

■ High speed D/A conversion 

■ Instrumentation buffer 

■ Precision current source 


schematic and connection diagrams 



Pin numbers in parentheses denote pin 
connections for dual-in-line package. 


Dual-ln-Line Package 



Order Number LH0002CN Order 
See Package 16 


Metal Can Package 


INPUT 



OUTPUT 
TOP VIEW 


Number LH0002H or LH0002CH 
See Package 9 


typical applications 



Line Driver 


SELECT CAPACITOR TO ADJUST 
TIME RESPONSE OF PULSE. 



•Previously called NH0002/NH0002C 



2-1 


LH0002/LH0002C 



LH0002/LH0002C 


absolute maximum ratings 





Supply Voltage ±22 V 

Power Dissipation Ambient 600 mW 

Input Voltage (Equal to Power Supply Voltage) 

Storage Temperature Range -65°C to +150°C 

Operating Temperature Range LH0002 -55°C to +125°C 

LH0002C 0°C to +85° C 

Steady State Output Current ±100 mA 

Pulsed Output Current (50 ms On/1 sec Off) ±400 mA 




electrical characteristics (Notei) 





PARAMETERS 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Voltage Gain 

R s = 10 k!2, R L = 1.0 k!2 
V, N = 3.0 V PP , f = 1.0 kHz 
T A = -55° C to 125°C 

.95 

.97 



AC Current Gain 

v IN = i.o V rms 

f = 1.0 kHz 


40 


A/mA 

Input Impedance 

R s = 200 k!2, V 1N = 1.0 V rms , 
f = 1.0 kHz, R L = 1.0 kH 

180 

400 

- 

k!2 

Output Impedance 

V 1N “ 1-0 V rms , f = 1.0 kHz 
R L = 5012, R s = 10 k!2 

- 

6 

10 

12 

Output Voltage Swing 

R L = 1.0 k!2, f= 1.0 kHz 

±10 

±11 

- 

V 

Output Voltage Swing 

V s = ±15V, V| N = ±10V, 
R l = 10012 , T a = 25°C 

±9.5V 




DC Output Offset Voltage 

R s = 30012, R l = 1.0 k!2 
T A = -55°C to 125°C 

- 

±10 

±30 

mV 

DC Input Offset Current 

R s = 10 k!2, R l = 1.0 k!2 
T A = -55°C to 125°C 

- 

±6.0 

±10 

ma 

Harmonic Distortion 

V, N = 5.0 V rms ,f- 1.0 kHz 

- 

0.1 

- 

% 

Bandwidth 

V,N= 10V rms , R u =50a 
i = 1 MHz 

30 

50 

- 

MHz 

Positive Supply Current 

R s = 10 k!2, R l = 1 k!2 

- 

+6.0 

+10.0 

mA 

Negative Supply Current 

R s = 10 kft, R L = 1 k!2 

- 

-6.0 

-10.0 

mA 

Note 1 : Specification applies for = 25°C with +1 2V on Pins 1 and 2; -1 2V on Pins 6 and 7 for the 

metal can package and +12V on Pins 1 and 2; -12V on Pins 4 and 5 for the dual-in-line package unless 
otherwise specified. The parameter guarantees for LH0002C apply over the temperature range of 0°C 
to +85°C, while parameters for the LH0002 are guaranteed over the temperature range -55°C 
to 125°C. 
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LH0033/LH0033C, LH0063/LH0063C 


Buffers 



LH0033/LH0033C . LH0063/LH0063C 
fast and damn fast buffer amplifiers 


general description 

The LH0033/LH0033C and LH0063/LH0063C are 
high speed, FET input, voltage follower/buffers 
designed to provide high current drive at fre- 
quencies from DC to over 100 MHz. The LH0033/ 
LH0033C will provide ±10 mA into 1 k!2 loads 
(±100 mA peak) at slew rates of 1500V//IS. The 
LH0063/LH0063C will provide ±250 mA into 
5012 loads (±500 mA peak) at slew rates of up to 
6Q00V//is. In addition, both exhibit excellent 
phase linearity up to 20 MHz. 

Both are intended to fulfill a wide range of buffer 
applications such as high speed line drivers, video 
impedance transformation, nuclear instrumentation 
amplifiers, op amp isolation buffer for driving 
reactive loads and high impedance input buffers 
for high speed A to D's and comparators. In 
addition, the LH0063/LH0063C can continuously 
drive 5012 coaxial cables or be used as a diddle 
yoke driver for high resolution CRT displays. For 
additional applications information, see AN-48. 


advantages 

■ Only +10V supply needed for 5 V P . P video out 

■ Speed does not degrade system performance 

■ Wide data rate range for phase encoded systems 


■ Output drive adequate for most loads 

■ Single pre-calibrated package 

features 

■ Damn fast (LH0063) 6000V/ps 

■ Wide range single or dual supply operation 

■ Wide power bandwidth DC to 100 MHz 

■ High output drive ±10V with 5012 load 

■ Low phase non-linearity 2 degrees 

■ Fast rise times 2 ns 

■ High current gain 120 dB 

■ High input resistance 10 1o !2 

These devices are constructed using specially 
selected junction FET's and active laser trimming 
to achieve guaranteed performance specifications. 
The LH0033 and LH0063 are specified for opera- 
tion from - 55°C to +1 25°C; whereas, the LH0033C 
and LH0063C are specified from -25°C to +85°C. 
The LH0033/LH0033C is available in a 1.5W 
metal TO-8 package and a special 1/2x1 inch 8 
pin ceramic dual-in-line package while the LH0063/ 
LH0063C is available in a 5W 8-pin TO-3 package. 


connection diagrams 


LH0033/LH0033C 


LH0033/LH0033C 


LH0063/LH0063C 


Metal Can Package 


Dual-ln-Line Package 


Metal Can Package 



TOP VIEW 

CASE IS ELECTRICALLY 
ISOLATED 



Order Number LHQ033J or LH0033CJ 
See Package 12 


Order Number LH0033G or LH0033CG 
See Package 6 



Order Number LH0063K or LH0063CK 
See Package 14 
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absolute maximum ratings 








1 Supply Voltage (V + - V ) 

40V 

Peak Output Current 





Maximum Power Dissipation (See Curves) 


LH0063/LH0063C 


±500 mA 

LH0063/LH0063C 

5W 

LH0033/LH0033C 


±250 mA 

LH0033/LH0033C 

1.5W 

Operating Temperature Range 




Maximum Junction Temperature 175 c 

C 

LH0033 and LH0063 


-55°C to +1 25°C 

Input Voltage 

Equal to Supplies 

LH0033C and LH0063C 


— 25°C to +85° C 

Continuous Output Current 



Storage Temperature Range 


-65°C to +1 50°C 

LH0063/LH0063C 

±250 mA 

Lead Temperature (Soldering, 10 sec) 


300° C 

LH0033/LH0033C 

±100 mA 







dc electrical characteristics 

LH0033/LH0033C: (Note 1) 






LIMITS 


PARAMETER 

CONDITIONS 

LH0033 

LH0033C 

UNITS 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Output Offset Voltage 

R s = 100 k £1, T c = 25°C 


5 

10 


12 

20 

mV 

R s = 100 k£2 



15 


25 

mV 

Average Temperature Coefficient 

R s = 100 kJ2, 


25 



25 


MV/°C 

of Offset Voltage 

-55°C<T c < 125° C 






T c = 25°C 


.05 

.1 


.05 

.15 


Input Bias Current 


10 


5 

nA 


V, N = 1 Vrms, f = 1 kHz 








Voltage Gain 

R l = 1 k n, R s = 100 kft 

.97 

.98 

1 

.96 

.98 

1 

V/V 

Input Impedance 

V, N = 1 Vrms, 
f = 1 kHz. R l = 1 kft 

10 10 

10 11 


10 10 

10 11 


n 

Output Impedance 

V, N = 1 Vrms, f = 1 kHz, 
R s = 100 k i~l, R l = 1 kfi 


6 

10 


6 

10 

n 


R l = 1 k£2. 

±12 

±13 


±12 

±13 


V 

Output Voltage Swing 

R L = 100H, T c = 25°C 

±9 



±9 



V 


V s = ±5V, R L = 1 kU 


6 



6 


Vp.p 

Supply Current 

V 1N = 0V, V s = +15V 


20 

22 


21 

24 

mA 

V s = ±5V 


18 



18 


mA 

Power Consumption 

V IN = 0V, V s = +15V 


600 

660 


630 

720 


V s = ±5V 


180 


180 


mW 

ac electrical characteristics 








LH0033/LH0033C (T c = 

25°C, V s = ±15V, R s = 

50£2, R l 

= 1 k£2) 








LIMITS 


PARAMETER 

CONDITIONS 

LH0033 

LH0033C 

UNITS 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Slew Rate 

V IN =±10V 

1000 

1500 


1000 

1400 


V/ms 

Bandwidth 

V, N = IVrms 


100 



100 


MHz 

Phase Non-Linearity 

BW = 1 to 20 MHz 


2 



2 


degrees 

Rise Time 

AV, n = 0.5V 


2.9 



3.2 


ns 

Propagation Delay 

AV 1N = 0.5V 


1.2 



1.5 


ns 

Harmonic Distortion 



<0.1 



<0.1 


% 

Note 1: Unless otherwise specified, these specifications apply for +15V applied to pins 1 and 12 

, -15V applied to pins 9 and 



10, and pin 6 shorted to pin 7 for the LH0033/LH0033C. For the LH0063/LH0063C, specifications apply for +15V applied 
to pins 1 and 2, -15V applied to pins 7 and 8, and pin 5 shorted to pin 6. Unless otherwise noted, specifications apply over a 



temperature range of -55° C < Tr 

S +1 25°C for the LH0033 and LH0063; and 

25° C ^ T c < +85° C for the LH0033C and 



LH0063C. Typical values shown are for Tq = 25°C. 
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LH0033/LH0033C, LH0063/LH0063C 



LH0033/LH0033C, LH0063/LH0063C 


dc electrical characteristics lhoo63/lhoo63c (N ote u 




LIMITS 


PARAMETER 

CONDITIONS 

LH0063 

LH0063C 

UNITS 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Output Offset Voltage 

R s <100 k!2. T c = 25°C 
R s < 100 k!2 


10 

25 

100 


10 

50 

100 

mV 

mV 

Average Temperature Coefficient 
of Output Offset Voltage 

R s < 100 k!2 


300 



300 


mv/°c 

Input Bias Current 

T c = 25°C 


.1 

.2 

10 


.1 

.2 

5 

nA 

nA 

Voltage Gain 

V| N = ±10V, R s < 100 k!2, 
R l = 1 k!2 

.96 

.98 

1 

.96 

.98 

1 

V/V 

Voltage Gain 

V, N = ±10V, R s < 100 k!2, 

r l = son 

.94 

.96 

.98 

193 

.96 

.98 

V/V 

Input Resistance 


10 10 

10 11 


10 10 

10 11 


n 

Input Capacitance 

Case Shorted to Output 


8 



8 


pF 

Output Impedance 

Vqut = ±10V, R s = 100 k 12 


1 

4 


1 

4 

12 

Output Current Swing 

V IN = ±10V, R s < 100 k!2 

.2 

.25 


.2 

.25 


Amps 

Output Voltage Swing 

R l = 5012 

±10 

±13 


±10 

±13 


V 

Output Voltage Swing 

V s = ±5V, R L = 5012, 
T c = 25° C 

5 

7 


5 

7 


Vp.p 

Supply Current 

T c = 25° C, R L = », 
V s = ±1 5V 


60 

75 


60 

80 

mA 

Supply Current 

V s = ±5V 


50 



50 


mA 

Power Consumption 

T c = 25° C, R l =» 
V s = ±15V 


1.80 

2.25 


1.80 

2.40 

W 

Power Consumption 

V s = ±5V 


500 



500 


mW 


ac electrical characteristics 

LH0063/LH0063C: (T c = 25°C, V s = ±15V, R s - 50H, R L = 50^) 



Note 1: Unless otherwise specified, these specifications apply for + 15V applied to pins 1 and 12, -15V applied to pins 9 and 
10, and pin 6 shorted to pin 7 for the LH0033/LH0033C. For the LH0063/LH0063C, specif ications apply for +15V applied 
to pins 1 and 2, -15V applied to pins 7 and 8, and pin 5 shorted to pin 6. Unless otherwise noted, specifications apply over a 
temperature range of -55°C < Tq 5 +125°C for the LH0033 and LH0063; and -25°C ^ TQ ^ +85°C for the LH0033C and 
LH0063C. Typical values shown are for Tq = 25°C. 
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VOLTAGE GAIN (V/V) OUTPUT VOLTAGE <±V) SUPPLY CURRENT (tmA) POWER DISSIPATION (W) 


typical performance characteristics 


LH0063 DC Safe Operating 

LH0033 Power Dissipation LH0063 Power Dissipation Area 



0 25 50 75 100 125 150 0 25 50 75 100 125 150 15 10 -5 0 5 10 15 

TEMPERATURE ( C) TEMPERATURE TO OUTPUT VOLTAGE (V) 


LH0033 Supply Current vs LH0063 Supply Current vs LH0O33 Output Voltage vs 

Supply Voltage Supply Voltage Supply Voltage 



5 10 15 20 5 IQ 15 20 5 10 15 20 

SUPPLY VOLTAGE ( >V) SUPPLY VOLTAGE (iV) SUPPLY VOLTAGE (±V) 


LH0063 Output Voltage vs LH0033 Negative Pulse LH0033 Positive Pulse 

Supply Voltage Response Response 



5 10 15 20 0 10 20 30 40 50 60 0 10 20 30 40 50 60 


SUPPLY VOLTAGE (tV) TIME (ns) TIME (ns) 

LH0033 Rise and Fall Time LH0063 Large Signal Pulse 

LH0033 Frequency Response vs Temperature Response 



1.0 2.0 5.0 1 0.0 20.0 50 1 00 -50 0 50 1 00 1 50 0 1 2 3 4 5 6 7 8 9 1 0 11 12 

FREQUENCY (MHz) TEMPERATURE (°C) TIME (ns) 
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LH0033/LH0033C, LH0063/LH0063C 



LH0033/LH0033C, LH0063/LH0063C 


typical performance characteristics (con't) 



LH0063 Small Signal Rise 
Time 



0 1 2 3 4 5 6 7 8 


TIME (ns) 


application hints 

Recommended Layout Precautions: RF/video 

printed circuit board layout rules should be fol- 
lowed when using the LH0033 and LH0063 since 
they will provide power gain to frequencies over 
100 MHz. Ground planes are recommended and 
power supplies should be decoupled at each device 
with low inductance 0.1/zF disc capacitors. In 
addition, ground plane shielding may be extended 
to the metal case of the device since it is 
electrically isolated from internal circuitry. Alter- 
natively the case should be connected to the 
output to minimize input capacitance. 

Offset Voltage Adjustment: Both the LH0033's 
and LH0063's offset voltages have been actively 
trimmed by laser to meet guaranteed specifications 
when the offset preset pin is shorted to the offset 
adjust pin. This pre-calibration allows the devices 
to be used in most DC or AC applications without 
individually offset nulling each device. If offset 
null is desirable, it is simply obtained by leaving 
the offset preset pin open and connecting a trim 
pot of 100£2 for the LH0033 or 1 k£2 for the 
LH0063 between the offset adjust pin and V - 
as illustrated in Figures 1 and 2. 



FIGURE 1. Offset Zero Adjust for LH0033 (Pin nos. 
shown for TO-8) 



FIGURE 2. Offset Zero Adjust for LH0063 
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PHASE LAG (DEGREES) 



application hints (con't) 

Operation from Single or Asymmetrical Power 
Supplies: Both device types may be readily used 
in applications where symmetrical supplies are 
unavailable or not desirable. A typical application 
might be an interface to a MOS shift register 
where V + = +5V and V = —12V. In this case, 
an apparent output offset occurs due to the de- 
vice's voltage gain of less than unity. This additional 
output offset error may be predicted by: 


as illustrated in Figures 3 and 4. Resistor values 
may be predicted by: 

V+ V_ 

Rum — “ = ~ 

•sc 'sc 

where: l sc < 100 mA for LH0033 

l sc < 250 mA for LH0063 


<V + -V ) . _ 

AV 0 = ( 1 — A v ) = .005 (V + — V ) 


where: 

A v = No load voltage gain, typically .99 
V + = Positive supply voltage 
V = Negative supply voltage 


For the above example, AV 0 would be -35 mV. 
This may be adjusted to zero as described in 
Section 2. For AC coupled applications, no addi- 
tional offset occurs if the DC input is properly 
biased as illustrated in the "typical applications" 
section. 

Short Circuit Protection: In order to optimize 
transient response and output swing, output cur- 
rent limit has been omitted from the LH0033 
and LH0063. Short circuit protection may be 
added by inserting appropriate value resistors 
between V + and V c + pins and V and V c pins 


The inclusion of limiting resistors in the collectors 
of the output transistors reduces output voltage 
swing. Decoupling V c + and V c pins with ca- 
pacitors to ground will retain full output swing 
for transient pulses. Alternate active current limit 
techniques that retain full DC output swing are 
shown in Figures 5, 6 and 7. In Figures 5 and 6, 
the current sources are saturated during normal 
operation thus apply full supply voltage to the 
V c pins. Under fault conditions, the voltage de- 
creases as required by the overload. For Figure 5: 


Vbe -6V 

Igc 60 mA 


ion 


In Figure 6, quad transistor arrays are used to 
minimize can count and: 


Rum 


Vbe 

1/3 (l sc ) 


.6V 

= 8.2n 

1/3 (200 mA) 




FIGURE 3. LH0033 Using Resistor Current Limiting 


FIGURE 4. LH0063 Using Resistor Current Limiting 
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LH0033/LH0033C, LH0063/LH0063C 



LH0033/LH0033C, LH0063/LH0063C 


application hints (con't) 



FIGURE 5. LH0033 Current Limiting Using Current 
Sources 



FIGURE 6. LH0063 Current Limiting Using Current 
Sources 


Capacitive Loading: Both the LH0033 and LH0063 
are designed to drive capacitive loads such as co- 
axial cables in excess of several thousand picofarads 
without susceptibility to oscillation. However, 
peak current resulting from (q xd v /d t ) should be 
limited below absolute maximum peak current 
ratings for the devices. 

Thus for the LH0033: 


— XC L < l OUT < ±250 mA 
AT / 


and for the LH0063: 

AV in \ X C L < l OUT < ±500 mA 

’AT) 

Peak current limiting may be accomplished by 
controlling input large signal rise time, inserting 
20 to 100S2 resistors between V + and V c + pins 
and V and V c pins, using active current limit 
as described in Section 4, Figures 5, 6 and 7, or 
inserting a small value resistor in series with the 
output. 
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application hints (con't) 

In addition, power dissipation resulting from 
driving capacitative loads plus standby power 
should be kept below total package power rating: 

Pdiss — Pdc + Pac 
pkg 

Pdiss (V + -Vl x Is + P AC 

Pkg 

P AC = (Vp.p ) 2 X f X C L 

where V P . P = Peak-to-peak output voltage swing 
f = frequency 
C L = Load Capacitance 

Operation Within an Op Amp Loop: Both devices 
may be used as a current booster or isolation 
buffer within a closed loop with op amps such 
as LH0032, LH0062, or LM118. An isolation 


resistor of 47£2 should be used between the op 
amp output and the input of LH0033. The wide 
bandwidths and high slew rates of the LH0033 
and LH0063 assure that the loop has the charac- 
teristics of the op amp and that additional rolloff 
is not required. 

Hardware: In order to utilize the full drive 

capabilities of both devices, each should be 
mounted with a heat sink particularly for ex- 
tended temperature operation. The cases of both 
are isolated from the circuit and may be con- 
nected to system chassis. Heat sinks are com- 
mercially available at low cost; the following or 
their equivalents are recommended: 

LH0033G (TO-8pkg): Thermalloy #2240A 

Wakefield #21 5-CB 

LH0063K (TO-3 pkg): IERC #LAIC3B4V 

Mounting and test sockets are available from: 

LH0033G (TO-8 pkg): Barnes Corp. #MGX-12 

LH0063K (TO-3 pkg): Keystone Elect. (N.Y.) 

#4626 or #4627 


schematic diagrams 


LH0033/LH0033C 


LH0063/LH0063C 



PIN NUMBERS SHOWN FOR TO 8 ("G") PACKAGE. 
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LH0033/LH0033C, LH0063/LH0063C 



LH0033/LH0033C, LH0063/LH0063C 
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Buffers 


LH2110/LH2210/LH2310 dual voltage follower 
general description 


The LH2110 series of dual voltage followers are 
two LM110 type followers in a single hermetic 
package. Featuring all the same performance char- 
acteristics of the single, these duals offer in addi- 
tion closer thermal tracking, lower weight, reduced 
insertion cost and smaller size than two singles. 
For additional information, see the LM110 data 
sheet and National's Linear Application Notebook. 


The LH2110 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LH2210 is specified for operation over the -25° C 
to +85°C temperature range. The LH2310 is speci- 


fied for operation over the 0°C to +70°C temper- 
ature range. 

features 


■ Low input current 

■ High input resistance 

■ High slew rate 

■ Wide bandwidth 

■ Wide operating supply range 

■ Output short circuit proof 


1 nA 
lO 10 ohms 
30 V //is 
20 MHz 
±5V to ± 1 8V 


connection diagram 


auxiliary circuits 



Order Number LH2110D or 
LH2210D or LH2310D 
See Package 2 

Order Number LH2110F or 
LH2210F or LH2310F 
See Package 5 



R1 

IK 



Offset Balancing Circuit 
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LH2110/LH2210/LH2310 



LH2110/LH2210/LH2310 


PARAMETER 

CONDITIONS 

LIMITS 

UNITS 

LH2110 

LH2210 

LH2310 

Input Offset Voltage 

T a = 25°C 

4.0 

4.0 

7.5 

mV Max 

Input Bias Current 

T a = 25° C 

3.0 

3.0 

7.0 

nA Max 

Input Resistance 

T a = 25°C 

10 10 

1 0 io 

10 10 

Q Min 

Input Capacitance 


1.5 

1.5 

1.5 

pF Typ 

Large Signal Voltage Gain 

T A = 25°C, V s = ±15V 
Vqut = —10V, R L = 8 k£2 

.999 

.999 

.999 

V/V Min 

Output Resistance 

T a = 25°C 

2.5 

2.5 

2.5 

H Max 

Supply Current (Each Amplifier) 

T a = 25°C 

5.5 

5.5 

5.5 

mA Max 

Input Offset Voltage 


6.0 

6.0 

10 

mV Max 

Offset Voltage 

-55°C <[ T A < 85°C 

6 

6 

10 

A*V/° C Typ 

Temperature Drift 

T a = 125°C 

12 

12 

- 

liVI ° C Typ 

Input Bias Current 


10 

10 

10 

nA Max 

Large Signal Voltage Gain 

V S = ±15V, V OUT =±10V 
R l = 10 ktt 

.999 

.999 

.999 

V/V Min 

Output Voltage Swing (Note 5) 

V s = ±15V, R l = 10 kO 

±10 

±10 

±10 

V Min 

Supply Current (Each Amplifier) 

T a = 125°C 

4.0 

4.0 

- 

mA Max 

Supply Voltage Rejection Ratio 

±5V< V S ^±18V 

70 

70 

70 

dB Min 


absolute maximum ratings 

Supply Voltage ±18V 

Power Dissipation (Note 1) 500 mW 

Input Voltage (Note 2) ±15V 

Output Short Circuit Duration (Note 3) Continuous 

electrical characteristics Each side (Note 4) 


Operating Temperature Range LH2110 -55 C to 125 C 

LH2210 -25 c Cto85°C 

LH2310 0°C to 70° C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


Note 1 : The maximum junction temperature of the LH21 10 is 150 C, while that of the LH2210 is 100 C and the LH2310 is 
85°C. For operating at elevated temperatures, devices in the flat package, the derating is based on a thermal resistance of 
185 C/W when mounted on a 1/16-mch-thick epoxy glass board with 0.03-inch-wide, 2-ounce copper conductors. The 
thermal resistance of the dual-m-line package is 100 C/W, junction to ambient 

Note 2: For supply voltages less than + 15V, the absolute maximum input voltage is equal to the supply voltage 
Note 3: Continuous short circuit is allowed for case temperatures to 125' C and ambient temperatures to 70 C. It is necessary 
to insert a resistor greater than 2 kS2 in senes with the input when the amplifier is driven from low impedance sources to pre- 
vent damage when the output is shorted. 

Note 4: These specifications apply for * 5V < Vg < * 18V and -55 C < T A < 125 C. unless otherwise specified. With the 
LM210, however, all temperature specifications are limited to -25 C < T A < 85 C and for the LH2310, all temperature 
specifications are limited to 0"C < T A < 70 C. 

Note 5: Increased output swing under load can be obtained by connecting an external resistor between the booster and V 
terminals. 


2-16 





Sample and Hold Amplifiers 


LH0023/LH0023C, LH0043/LH0043C 
sample and hold circuits 


general description 

The LH0023/LHQ023C and LH0043/LH0043C 
are complete sample and hold circuits including 
input buffer amplifier, FET output amplifier, 
analog signal sampling gate, TTL compatible logic 
circuitry and level shifting. They are designed to 
operate from standard ±15V DC supplies, but 
provision is made on the LH0023/LH0023C for 
connection of a separate +5V logic supply in 
minimum noise applications. The principal differ- 
ence between the LH0023/LH0023C and the 
LH0043/LH0043C is a 10:1 trade-off in perfor- 
mance on sample accuracy vs sample acquisition 
time. Devices are pin compatible except that TTL 
logic is inverted between the two types. 

The LH0023/LH0023C and LH0043/LH0043C 
are ideally suited for a wide variety of sample and 

features 

LH0023/LH0023C 

■ Sample accuracy— 0.01% max 

■ Hold drift rate— 0.5 mV/sec typ 

■ Sample acquisition time— 100 jus max for 20V 

■ Aperture time— 1 50 ns typ 

■ Wide analog range— ± 10V min 

■ Logic input-TTL/DTL 

■ Offset adjustable to zero with single 10k pot 

■ Output short circuit proof 


hold applications including data acquisition, 
analog to digital conversion, synchronous demodu- 
lation, and automatic test setup. They offer 
significant cost and size reduction over equivalent 
module or discrete designs. Each device is available 
in a hermetic TO-8 package and are completely 
specified over both full military and instrument 
temperature ranges. 

The LH0023 and LH0043 are specified for opera- 
tion over the -55° C to +125°C military tempera- 
ture range. The LH0023C and LH0043C are 
specified for operation over the -25°C to +85°C 
temperature range. 

For information on other National analog prod- 
ucts, see Available Linear Applications Literature. 

features 

LH0043/LH0043C 

■ Sample acquisition time- 1 5 jus max for 20V 

4 /is typ for 5V 

■ Aperture time— 20 nS typ 

■ Hold drift rate— 1 mV/sec typ 

■ Sample accuracy-0. 1% max 

■ Wide analog range— ± 10V min 

■ Logic input-TTL/DTL 

■ Offset adjustable to zero with single 10k pot 

■ Output short circuit proof 


block and connection diagrams 


LH0023/LH0023C 





*Tie for operation 
with V + = 15V only. 


Order Number LH0023G or 
LH0023CG or LH0043G or 
LH0043CG 
See Package 6 


LH0043/LH0043C 
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LH0023/LH0023C,LH0043/LH0043C 





LH0023/LH0023C.LH0043/LH0043C 


absolute maximum ratings 

Supply Voltage (V + and V - ) ±20V 

Logic Supply Voltage (V cc ) LH0023, LH0023C +7.0V 

Logic Input Voltage (V 6 ) +5.5V 

Analog Input Voltage (V 5 ) ±15V 

Power Dissipation See graph 

Output Short Circuit Duration Continuous 

Operating Temperature Range LH0023, LH0043 -55°C to +125°C 

LH0023C, LH0043C -25°C to +85°C 

Storage Temperature Range -65°C to +150 C 

Lead Soldering (10 sec) 300°C 

electrical characteristics lhoo23/lhoo23c (Note i) 




LIMITS 


PARAMETER 

CONDITIONS 

LH0023 

LH0023C 

UNITS 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Sample (Logic "1") 
Input Voltage 

V cc = 4.5V 

2.0 



2.0 



V 

Sample (Logic "1 ") 
Input Current 

V 6 = 2.4V, V cc = 5.5V 



5.0 



5.0 

MA 

Hold (Logic "0") 
Input Voltage 

V cc -4.5V 



0.8 



0.8 

V 

Hold (Logic “0") 
Input Current 

V 6 = 0.4V, V cc = 5.5V 



0.5 



0.5 

mA 

Analog Input 
Voltage Range 


±10 

±11 


±10 

±11 


V 

Supply Current — l 10 

V 5 = QV, V 6 - 2V, 

V,1 =ov 


4.5 

6 


4.5 

6 

mA 

Supply Current — l 12 

V 5 = 0V, v 6 = 0.4V, 

Vi, =ov 


4.5 

6 


4.5 

6 

mA 

Supply Current — l g 

v 8 = 5.0V, v 5 = 0 


1.0 

1.6 


1.0 

1.6 

mA 

Sample Accuracy 

V OUT = ±10V (Full Scale) 


0.002 

0.01 


0.002 

0.02 

% 

DC Input Resistance 

Sample Mode 

500 

1000 


300 

1000 


kf2 


Hold Mode 

20 

25 


20 

25 


kLZ 

Input Current — l 5 

Sample Mode 


0.2 

1.0 


0.3 

1.5 

HA 

Input Capacitance 



3.0 



3.0 


pF 

Leakage Current — 

V 5 - ±10V; V 1T = ±10V, 


100 

200 


200 

500 

pA 

pin 1 

T a - 25°C 

V 5 = ±10V; V n =±10V 


0.6 

1.0 


1.0 

2 

nA 

Drift Rate 

V OUT = ±5V, C s = 0.01 juF, 
T a = 25°C 


0.5 



0.5 


mV/s 

Drift Rate 

V OU T = ± 10 V , 

c s -- 0.01 mF, T a = 25°C 


10 

20 


20 

50 

mV/s 

Drift Rate 

V O ut = ±10V « 
c s = 0.01 /iF 



0.1 



0.2 

mV/ms 

Aperture Time 



150 



150 


ns 

Sample Acquisition 

AV out = 20V, 


50 

100 


50 

100 

Us 

Time 

c s =0.01 nF 








Output Amplifier 
Slew Rate 


1.5 

3.0 


1.5 

3.0 


V/jus 

Output Offset Voltage 
(without null) 

R s < 10k, V 5 = 0V, V 6 =0V 



±20 



±20 

mV 

Analog Voltage 

R l > Ik, T a = 25° C 

±10 

±11 


±10 

±11 


V 

Output Range 

R L >2k 

±10 

±12 


±10 

±12 


V 


NOTE 1: Unless otherwise noted, these specifications apply for V + 


-15V, pin 9 grounded. 


a 0.01 nf capacitor connected between pm 1 and ground over the temperature range -55' C to +125 C for the LH0023, and 
-25°C to 85°C for the LH0023C. All typical values are for T A 25 ’C 
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electrical characteristics lhoo43/lhoo43c : (Note 2) 




LIMITS 


PARAMETER 

CONDITIONS 

LH0043 

LH0043C 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Hold (Logic "1 ") 
Input Voltage 


2.0 



2.0 



V 

Hold (Logic “1 '') 
Input Current 

V 6 = 2.4V 



5.0 



5.0 

MA 

Sample (Logic "0") 
Input Voltage 




0.8 



0.8 

V 

Sample (Logic ”0") 
Input Current 

V 6 = 0.4V 



1.5 



1.5 

mA 

Analog Input 
Voltage Range 


±10 

±11 


±10 

±11 


V 

Supply Current 

V 5 = 0V, V 6 = 2V, V n - 0V 


20 

22 


20 

22 

mA 


V 5 = 0V, V 6 = 0.4V, 
Vq =0V 


14 

18 


14 

18 

mA 

Sample Accuracy 

V 0U T = ±10V (Full Scale) 


0.02 

0.1 


0.02 

0.3 

% 

DC Input Resistance 

T c = 25°C 

10 10 

10 12 


10 10 

10 12 


n 

Input Current — l 5 



1.0 

5.0 


2.0 

10.0 

nA 

Input Capacitance 



1.5 



1.5 


pF 

Leakage Current — 

V 5 = ±10V; V n = ±10, 


10 

25 


20 

50 

PA 

pin 1 

T c = 25°C 

V 5 = ±10V; V n =+10V 


10 

25 


2 

5 

nA 

Drift Rate 

v 0UT = ±10V - c s ” 0 001 P F . 

T a = 25°C 


10 

25 


20 

50 

mV/s 

Drift Rate 

v 0U t = ±10V ' C s = 0 001 


10 

25 


2 

5 

mV/ms 

Drift Rate 

V OUT = ±10V * C s = 0 01 ^ F ' 

T a = 25°C 


1 

2.5 


2 

5 

mV/s 

Drift Rate 

V 0UT = ±10V ' c s = 0 01 ^ F 


1 

2.5 


0.2 

0.5 

mV/ms 

Aperture Time 



20 

60 


20 

60 

ns 

Sample Acquisition 

AVqut = 20V, c s = 0.001 juF 


10 

15 


10 

15 

Ms 

Time 

AV 0 ut = 20V - c s = 0 01 


30 

50 


30 

50 

MS 


AV out = 5V, C s = 0.001 juF 


4 



4 


Ms 

Output Amplifier 
Slew Rate 

Vqut = 5V - C s = 0 001 mF 

1.5 

3.0 


1.5 

3.0 


V/ms 

Output Offset Voltage 
(without null) 

R s < 10k, v 5 = 0V, v 6 = 0V 



±40 



±40 

mV 

Analog Voltage 

R l > Ik, T a = 25° C 

±10 

±11 


±10 

±11 


V 

Output Range 

R L >2k 

±10 

±12 


±10 

±12 


! V 


Note 2: Unless otherwise noted, these specifications apply for V + = + 15V, V - = -15V, pin 9 grounded, a 5000 pF capacitor connected 
between pin 1 and ground over the temperature range -55' C to +125°C for the LH0043, and -25°C to 85°C for the LH0043C All 
typical values are for Tq = 25“ C. 
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LH0023/LH0023C . LH0043/LH0043C 


typical performance characteristics 


Power Dissipation 



0 25 50 75 100 125 150 


TEMPERATURE (°C) 


Sample Acquisition 
Time— LH0043 


Sample Acquisition 
Time— LH0043 



0123456789 10 


TIME M 



TIME M 


Sample Acquisition 
Time— LH0023 



TIME M 


Pin 1 Leakage Current 
vs Output Voltage 



-12V-10-8 -6 -4 -2 0 2 4 6 8 1012V 


OUTPUT VOLTAGE (V) 


Pin 1 Leakage Current 
vs Temperature 



TEMPERATURE (°C) 


Output Current Limiting 



0 5 10 15 20 25 30 

OUTPUT CURRENT (UnA) 


Drift Rate vs Capacitance 



Drift vs Capacitance 
(LH0043) 



.0001 .001 .01 .1 1 10 
CAPACITANCE (jiF) 


typical applications 



Hotel: Cl is polystyrene 

Note 2: C2. C3, C4 are ceramic disc 

Note 3: Jumper 7-8 and C4 not required tor LH0043 

Note 4: R1 optional if zero trim is required 


How to Build a Sample and Hold Module 
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typical applications (con't) 


DIGITAL 

INPUT' 

CODE 


LOGIC 



N N 


Forcing Function Setup for Automatic Test Gear 



CHANNEL SELECT 


DIGITAL 

OUTPUTS 


*Seeopamp selection guide for details. Most popular types include LH0052, LH1725, LM108, LM122and LM116. 


Data Acquisition System 


ANALOG 

PULSE 

INPUT 




Single Pulse Sampler 


urvniLr 

CON 



Two Channel Double Sideband Demodulator 
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applications information 

1.0 Drift Error Minimization 

In order to minimize drift error, care in selection 
of C s and layout of the printed circuit board is 
required. The capacitor should be of high quality 
Teflon, polycarbonate, or polystyrene construc- 
tion. Board cleanliness and layout are critical 
particularly at elevated temperatures. See AN-63 
for detailed recommendations. A guard conductor 
connected to the output surrounding the storage 
node (pin 1) will be helpful in meeting severe 
environmental conditions which would otherwise 
cause leakage across the printed circuit board. 

2.0 Capacitor Selection 

The size of the capacitor is dictated by the re- 
quired drift rate and acquisition time. The drift is 
determined by the leakage current at pin 1 and 
dV l L 

may be calculated by — rr = , where I, is the 

ot u s 

total leakage current at pin 1 of the device, and 
C s is the value of the storage capacitor. 

2.1 Capacitor Selection — LH0023 

At room temperature leakage current for the 
LH0023 is approximately 100 pA. A drift rate of 
10 mV/sec would require a 0.01 /iF capacitor. 

For values of C s up to 0.01 i ± F the acquisition 
time is limited by the slew rate of the input buffer 
amplifier, A1, typically 0.5 V//is. Beyond this 
point, current availability to charge C s also enters 
the picture. The acquisition time is given by: 

tA 0.5°x 1 cP* = 2X 10 VAe G RC s 

where: R = the internal resistance in series with C s 

Ae Q = change in voltage sampled 

An average value for R is approximately 
600 ohms. The expression for t A reduces to: 


+ ~ \/Ae 0 C s 

A _ 20 

For a -10V to +10V change and C s = .05 /uF, 
acquisition time is typically 50 jus. 

2.2 Capacitor Selection— LH0043 

At 25°C case temperature, the leakage current for 
the LH0043G is approximately 10 pA, so a drift 
rate of 5 mV/s would require a capacitor of 
C s = 10 • 10" 12 /5 • 10“ 3 = 2000 pF or larger. 

For values of C s below about 5000 pF, the 
acquisition time of the LH0043G will be limited 
by the slew rate of the output amplifier (the 
signal will be acquired/in the sense that the voltage 


will be stored on the capacitor, in much less time as 
dictated by the slew rate and current capacity of 
the input amplifier, but it will not be available at 
the output). For larger values of storage capaci- 
tance, the limitation is the current sinking capabil- 
ity of the input amplifier, typically 10 m A. With 
C s = 0.01 /iF, the slew rate can be estimated by 
dV 10 °10 -3 , w/ , 

dt = 0 01 » 10~6 = 1 V/jLts or a slew,n 9 dme for a 

5 volt signal change of 5/is. 

3.0 Offset Null 

Provision is made to null both the LH0023 and 
LH0043 by use of a 10k pot between pins 3 and 4. 
Offset null should be accomplished in the sample 
mode at one half the input voltage range for 
minimum average error. 

4.0 Switching Spike Minimization— LH0043 

A capacitive divider is formed by the storage 
capacitor and the capacitance of the internal FET 
switch which causes a small error current to be 
injected into the storage capacitor at the termina- 
tion of the sample interval. This can be considered 
a negative DC offset and nulled out as described in 
(3.0), or the transient may be nulled by coupling 
an equal but opposite signal to the storage 
capacitor. This may be accomplished by connect- 
ing a capacitor of about 30 pF (or a trimmer) 
between the logic input (pin 6) and the storage 
capacitor (pin 1). Note that this capacitor must be 
chosen as carefully as the storage capacitor itself 
with respect to leakage. The LH0023 has switch 
spike minimization circuitry built into the device. 

5.0 Elimination of the 5V Logic Supply— LH0023 

The 5V logic supply may be eliminated by 
shorting pin 7 to pin 8 which connects a 10k 
dropping resistor between the +15V and V c . 
Decoupling pin 8 to ground through 0.1 /iF disc- 
capacitor is recommended in order to minimize 
transients in the output. 

6.0 Heat Sinking 

The LH0023 and LH0043G may be operated 
without damage throughout the military tempera- 
ture range of -55 to +125°C (-25 to +85° C for 
the LH0023CG and LH0043CG) with no explicit 
heat sink, however power dissipation will cause the 
internal temperature to rise above ambient. A 
simple clip-on heat sink such as Wakefield 
#215-1.9 or equivalent will reduce the internal 
temperature about 20°C thereby cutting the leak- 
age current and drift rate by one fourth at max. 
ambient. There is no internal electrical connection 
to the case, so it may be mounted directly to a 
grounded heat sink. 

7.0 Theory of Operation— LH0023 

The LH0023/LH0023C is comprised of input 
buffer amplifier, A1, analog switches, SI and S2, a 
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LH0023/LH0023C,LH0043/LH0043C 



LH0023/LH0023C,LH0043/LH0043C 


applications information (con't) 

TTL to MOS level translator, and output buffer 
amplifier, A2. In the "sample" mode, the logic 
input is raised to logic "1" (V 6 > 2.0V) which 
closes SI and opens S2. Storage capacitor, Cs, is 
charged to the input voltage through SI and the 
output slews to the input voltage. In the "hold" 
mode, the logic input is lowered to logic "0" 
(V 6 < 0.8V) opening SI and closing S2. C s 
retains the sample voltage which is applied to the 
output via A2. Since SI is open, the input signal 
is overridden, and leakage across the MOS switch is 
therefore minimized. With SI open, drift is prima- 
rily determined by input bias current of A2, 
typically 100 pA at 25°C. 

7.1 Theory of Operation— LH0043 

The LH0043/LH0043C is comprised of input 
buffer amplifier A1, FET switch SI operated by a 
TTL compatible level translator, and output buffer 
amplifier A2. To enter the "sample" mode, the 
logic input is taken to the TTL logic "0" state 
(V 6 = 0.8V) which commands the switch SI 



closed and allows A1 to make the storage capaci- 
tor voltage equal to the analog input voltage. In 
the "hold" mode (V 6 = 2.0V), SI is opened 
isolating the storage capacitor from the input and 
leaving it charged to a voltage equal to the last 
analog input voltage before entering the hold 
mode. The storage capacitor voltage is brought to 
the output by low leakage amplifier A2. 

8.0 Definitions 

V 5 : The voltage at pin 5, e.g., the analog 

input voltage. 

V 6 : The voltage at pin 6, e.g., the logic 

control input signal. 

V 1 1 : The voltage at pin 11, e.g., the output 
signal. 

T a : The temperature of the ambient air. 

T c : The temperature of the device case at 

the center of the bottom of the header. 

Acquisition Time: 

The time required for the output (pin 11) to settle 
within the rated accuracy after a specified input 
change is applied to the input (pin 5) with the 
logic input (pin 6) in the low state. 

Aperture Time: 

The time indeterminacy when switching from 
sample mode to hold including the delay from the 
time the mode control signal (pin 6) passes 
through its threshold (1.4 volts) to the time the 
circuit actually enters the hold mode. 

Output Offset Voltage: 

The voltage at the output terminal (pin 11) with 
the analog input (pin 5) at ground and logic input 
(pin 6) in the "sample" mode. This will always be 
adjustable to zero using a 10k pot between pins 3 
and 4 with the wiper arm returned to V - . 
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Sample and Hold Amplifiers 


LH0053/LH0053C high speed sample and hold amplifier 


general description 

The LH0053/LH0053C is a high speed sample 
and hold circuit capable of acquiring a 20V step 
signal in under 5. Ops. 

The device is ideally suited for a variety of high 
speed data acquisition applications including analog 
buffer memories for A to D conversion and 
synchronous demodulation. 

An auxiliary switch within the device extends its 
usefulness in applications such as preset integrators. 


features 

■ Sample acquisition time 5. Ops max for 20V 
signal 

■ FET switch for preset or reset function 

* Sample accuracy null 

■ Offset adjust to 0V 

* DTL/TTL compatible FET gate 

■ Single storage capacitor 


schematic and connection diagrams 


Metal Can Package 


STORAGE 

FEEDBACK V + CAPACITOR 



OFFSET 



Order Number LH0Q53G or LH0053CG 
See Package 6 


ac test circuit 



Acquisition Time Test Circuit 
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LH0053/LH0053C 




LH0053/LH0053C 


absolute maximum ratings 

Supply Voltage (V + and V ) ±18V 

Gate Input Voltage (V 6 and V 7 ) ±20V 

Analog Input Voltage (V 4 ) ±15V 

Input Current (l 8 and l 5 ) ±10 mA 

Power Dissipation 1.5W 

Output Short Circuit Duration Continuous 

Operating Temperature Range 

LH0053 -55° C to +125°C 

LH0053C -25°C to +85° C 

Storage Temperature Range ~65°C to +1 50° C 

Lead Temperature (Soldering, 10 seconds) 300°C 


electrical characteristics (Notei) 




LIMITS 


PARAMETER 

CONDITIONS 

LH0053 

LH0053C 

UNITS 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Sample (Gate "0") 
Input Voltage 




0.5 



0.5 

V 

Sample (Gate "0") 

V 6 = 0.5V, T a = 25° C 



-5.0 



-5.0 

M A 

Input Current 

V 6 = 0.5 



-100 



-100 

M A 

Hold (Gate "1") 
Input Voltage 


4.5 



4.5 



V 

Hold (Gate ”1”) 

V 6 = 4.5V, T a = 25° C 



1.0 



1.0 

nA 

Input Current 

V B = 4.5V 



1.0 



1.0 

ma 

Analog Input 
Voltage Range 


±10 

±11 


±10 

±11 


V 

Supply Current 

V 4 = OV 
V 6 = 0.5V 


13 

18 


13 

18 

mA 

Input Bias Current 

<L) 

V 4 = 0V, T a = 25° C 


120 

250 


150 

500 

nA 

Input Resistance 


9.0 

10 

11 

9.0 

10 

11 

k$2 

Analog Output 
Voltage Range 

R l = 2.0k 

±10 

±12 


M0 

±12 


V 

Output Offset 

V 4 = 0V, V 6 = 0.5V, T a = 25° C 


5.0 

7.0 


5.0 

10 

mV 

Voltage 

V 4 = 0V, V 6 = 0.5V 



10 



15 

mV 

Sample Accuracy 
(Note 2) 

V 4 = +10V, V 6 = 0.5V, T a = 25° C 


0.1 j 

0.2 


0.1 

0.3 

% 

Aperture Time 

AV 6 = 4.5V. T a = 25° C 


10 

25 


10 

25 

ns 

Sample Acquisition 

V 4 = ±10V, T a = 25°C, 


5.0 

10 


8.0 

15 

MS 

Time 

C F = 1000 pF 








Sample Acquisition 

V 4 = ±10V, T a = 25°C, 


4.0 



4.0 


MS 

Time 

C F = 100 pF 








Output Slew Rate 

AV, n =±10V, T a = 25°C, 
C F = 1000 pF 


20 



20 


V//JS 

Large Signal 

V 4 = ±10V, T a = 25° C, 


200 



200 


kHz 

Bandwidth 

C F = 1000 pF 








Leakage Current 

V 4 = ±10V, T a = 25°C, 


6.0 

30 


10 

50 

PA 

(Pin 5) 

V 4 = ±10V 



30 



3.0 

nA 

Drift Rate 

V 4 = ±10V, T a -25°C, 
Cp = 1000 pF 


6.0 

30 


10 

50 

mV/s 

Drift Rate 

V 4 = ±10V, Cp = 1000 pF 



30 



3.0 

V/s 

Q2 Switch ON 
Resistance 

V 7 = 0.5V, l 8 = 1 .0 mA, T a = 25°C 


100 

300 


100 

300 

Q 


Note 1: Unless otherwise noted, these specifications apply for Vg = ±15V, pin 9 grounded, a 1000 pF capacitor between pin 
5 and pin 11, pin 3 shorted to pin 11, over the temperature range— 55°C to +125°C for the LH0053 and -25° C to +85° C for 
the LH0053C. All typical values are for = 25°C. 

Note 2: Sample accuracy may be nulled by inserting a potentiometer in the feedback loop. This compensates for source 
impedance and feedback resistor tolerances. 
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OUTPUT VOLTAGE (mV) INPUT BIAS CURRENT (nA) POWER DISSIPATION (W) 



LH0053/LH0053C 




LH0053/LH0053C 


typical applications (con't) 



Sample and Hold with Reset 



applications information 

SOURCE IMPEDANCE COMPENSATION 

The gain accuracy (linearity) of the LH0053/ 
LH0053C is set by two internal precision resistors. 
Circuit applications in which the source impedance 
is non-zero will result in a closed loop gain error, 
e.g. if R s = 10f2, a gain error of 0.1% results. 
Figure 1 and 2 show methods for accommodating 
non-zero source impedance. 

DRIFT ERROR MINIMIZATION 

In order to minimize drift error, care in selection 
C F and layout of the printed circuit board is 
required. The capacitor should be of high quality 
teflon, polycarbonate or polystyrene construction. 
Board layout and clean lines are critical particularly 
at elevated temperature. 

A ground guard (shield) surrounding pin 5 will 
minimize leakage currents to and from the summing 
junction, arising from extraneous signals. See 
AN-63 for detailed recommendations. 

CAPACITOR SELECTION 

The size of the capacitor is determined by the 
required drift rate usually at the expense of 
acquisition time. 


The drift is dictated by leakage current at pin 5 
and is given by: 
dv l L 

dt C F 

Where l L is the leakage current at pin 5 and C F 
is the value of the capacitance. The room tempera- 
ture leakage of the LH0053 is typical 6.0 pA, and 
a 1000 pF capacitor will yield a drift rate of 
6.0 mV per second. 

For values of C F below 1000 pF acquisition for 
the LH0053 is primarily governed by the slew 
rate of the input amplifier (200V/jUs) and the 
setting time of output amplifier (= I.O^is). For 
values above C F = 1000 pF, acquisition time is 
given by: 

C F AV 

t a = + ts2 

■dss 

Where: 

C F = The value of the capacitor 

AV = The magnitude of the input step; 
e. g. 20V 

loss = The ON current of switch Q1 
= 5.0 mA 

t S 2 = The setting time of output amplifier 
= I.Ojus 
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applications information (con't) 




FIGURE 2. Non-Zero Source Impedance Buffering 


GATE INPUT CONSIDERATIONS 
5.0V TTL Applications 

The LH0053 Gate inputs Gate 1 (pin 6) and Gate 
2 (pin 7) will interface directly with 5.0V TTL. 
However, TTL gates typically pull up to 2.5V in 
the logic "1" state. It is therefore advisable to 
use a 10k pull-up resistor between the 5.0V, V cc , 
and the output of the gate as shown in Figure 3. 



CMOS Applications 

The LH0053 gate inputs may be interfaced directly 
with 74C, CMOS operating off of V cc 's from 
5.0V to 15V. However transient currents of 
several milliamps can flow on the rising and 
falling edges of the input signal. It is, therefore, 
advisable to parallel the outputs of two 54C/74C 
gates as shown in Figure 4. 

It should be noted that leakage at pin 5 in the 
hold mode will be increased by a factor of 2 to 3 
when operating into 15V logic levels. 


Unused Switch, Q2 

In applications when switch Q2 is not used the 
logic input (pin 7) should be returned to +5.0V 
(or +15V for HTL applications) through a lOkd 
resistor. Analog Input, preset (pin 8) should be 
grounded. 

V cc 5.0V TO 15V 



HEAT SINKING 

The LH0053 may be operated over the military 
temperature range, -55°C to +125°C, without 
incurring damage to the device. However, a clip 
on heat sink such as the Wakefield 215 Series or 
Thermolloy 2240 will reduce the internal tempera- 
ture rise by about 20°C. The result is a two-fold 
improvement in drift rate at temperature. 
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LH0053/LH0053C 



LH0053/LH0053C 


applications information (con't) 

Since the case of the device is electrically isolated 
from the circuit, the LH0053 may be mounted 
directly to a grounded heat sink. 

POWER SUPPLY DECOUPLING 

Amplifiers A1 and A2 within the LH0053 are very 
wide band devices and are sensitive to power supply 
inductance. It is advisable to by-pase V* (pin 12) 
and V - (pin 10) to ground with 0.1/iF disc 


capacitors in order to prevent oscillation. Should 
this procedure prove inadequate, the disc capacitors 
should be paraded with 4.7/iF solid tantalum 
electrolytic capacitors. 

DC OFFSET ADJUST 

Output offset error may be adjusted to zero using 
the circuit shown in Figure 5. Offset null should 
be accomplished in the sample mode (V 6 <0.5V) 
and analog input (pin 4) equal to zero volts. 



definition of terms 

Voltage, V 4 : The voltage at pin 4, i.e., the analog 
input voltage. 

Voltage, V 6 : The voltage at pin 6, i.e., the logic 
control signal. A logic "1” input, V 6 < 4.5V, 
places the LH0053 in the HOLD mode; a iogic 
"0" input (V 6 < 0.5V) places the device in 
sample mode. 

Acquisition Time: The time required for the output 
(pin 1 1) to settle within the rated accuracy after a 
specified input change is applied to Analog Input 1 


(pin 4) with logic input. Gate 1, (pin 6) in the 
logic "0” state. 

Aperture Time: The time indeterminacy when 
switching from the "sample" mode to the HOLD 
mode measured from time the logic input passes 
through it's threshold (2.0V) to the time the device 
actually enters the HOLD mode. 

Sample Accuracy: Difference between input volt- 
age and output voltage while in the sample mode, 
expressed as a percent of input voltage. 
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Sample And Hold Amplifiers 


SHM6401 sample and hold module 


general description features 


The SHM64Q1 is a compact sample and hold 
module capable of acquiring and holding an analog 
signal upon command of a digital pulse. A high 
impedance input buffer, complete digital logic, 
3 analog switches, hold capacitor and a FET input 
hold amplifier are all included within the package. 
Higher accuracy may be obtained by adding an 
external trim pot and capacitor. 


■ Self contained plug-in module 

■ High accuracy 0.01% 

■ TTL, DTL compatible logic 

■ Analog signal range ±10V 

■ Low dioop rate 10 mV/sec max 

■ High input impedance 

» Standard power supplies ±15V 

■ Low acquisition time 


equivalent circuit 

CAP ZERO 



NOTE: HOLD MODE (LOGIC "O") SHOWN. ALL OTHER PINS NO CONNECT 


Order Number SHM6401 
See Package 20 


SHM6401 



absolute maximum ratings 


Analog Input Voltage Range 
Digital Input Voltage 
Analog Supply Voltage (V + to V ) 
Short Circuit 

Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


±1 5V 
5.5V 
40V 


Indefinite 
0°C to +70° C 
-55° C to +85°C 
300° C 


electrical characteristics (Notei) 


PARAMETER 

CONDITIONS 

MHVJ 

TYP 

MAX 

UNITS 

DC Accuracy 

R u = 2k£2 



±0.01 

% 

Voltage Gain 



1 



Voltage Gam Temperature Coefficient 




±1 

PPM/ U C 

Frequency Response 

Tracking, -3 dB, Small Signal 


50 


kHz 

Frequency Response 

Tracking, Full Power 20V P P Sine Wave 


10 


kHz 

Slew Rate 



0.5 


V/ju s 

Sample Mode Settling Time 

To +1 mV, 10V Step Input 


75 


Ms 

Input Overload Recovery 

To ±1 mV, 50% Overvoltage 


150 


MS 

Input Voltage Range 


±10 



V 

Input Resistance 

1 Sample Mode 

100 



MS2 

Input Bias Current 

Sample Mode 


400 


nA 

Input Offset Voltage 

Sample Mode 


20 


mV 

Input Offset Voltage Temperature Coefficient 

0°C to +70' J C 


10 


pV/°C 

Power Supply Rejection Ratio 




0.015 

mV/%AV s 

Output Swing 

R l - 2kS2 

±10 



V 

Output Current 

R l - 2kS2 

±10 



mA 

Load Capacitance 

No Oscillation 


1000 


PF 

Wide Band Output Noise 

Hold Mode, Grounded Input 


1 


mVrms 

Droop Rate 

Hold Mode, +25°C 



10 

mV/s 

Droop Rate 

0 U C to +70°C 


Doubles Every 
10°C 



Signal Feed Through 

Hold Mode, 20V P P , Sine Wave. 10 kHz 



2 

mV P P 

Aperature Time 

Sample to Hold Transition 



50 

ns 

Offset Step 

Sample to Hold Transition 



1 

mV 

Transition Settling Time 

To ±1 mV of Final Value, Sample to 
Hold Transition 



10 

MS 

Transition Settling Time 

To ±1 mV, Hold to Sample Transition 



100 

Ms 

Acquisition Time 

20V Step to ±1 mV of Final 
Value, Hold to Sample Transition 



130 

Ms 

Logic High 

1 = 5pA Max 

2 


5.5 

V 

Logic Low 

1 = 0.5 mA Max 

-0.5 


0.8 

V 

Supply Current 




8 

mA 


Note 1: All specifications apply for Vg = ±15V, = 25°C unless otherwise specified. 





typical application 


Analog Data Distribution System 




NOTE 1: MAX DROOP RATE = d y /d t = (0.1 x 10 9 /(10 x 10 9 * C EXT )] V/SEC. 

NOTE 2: TO ZERO ADJUST, SET DIGITAL INPUT TO SAMPLE MODE. APPLY 0V TO THE ANALOG 
INPUT, AND TRIM R1 UNTIL ANALOG OUTPUT READS OV. 

NOTE 3: SIGNAL GROUND AND ANALOG GROUND SHOULD BE TIED TOGETHER AT ONE POINT 
NEAR THE SUPPLY. 

NOTE 4: C EXT SHOULD BE LOW LEAKAGE TEFLON, POLYCARBONATE OR POLYSTYRENE 


explanation of terminology 

HOLD TO SAMPLE 


ACQUISITION- w»-| 



IOLD 


SAMPLE 

(TRACK) 


HOLD — 


SAMPLE 








Comparators 


LH2111/LH2211/LH2311 dual voltage comparator 
general description 


The LH21 1 1 series of dual voltage comparators are 
two LM111 type comparators in a single hermetic 
package. Featuring all the same performance char- 
acteristics of the single, these duals offer in addi- 
tion closer thermal tracking, lower weight, reduced 
insertion cost and smaller size than two singles. 
For additional information see the LM111 data 
sheet and National's Linear Application Handbook. 


fied for operation over the 0°C to 70°C tempera- 
ture range. 

features 

■ Wide operating supply range ±15Vtoa 

single +5V 

■ Low input currents 6 nA 


The LH2111 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LH2211 is specified for operation over the -25° C 
to +85° C temperature range. The LH231 1 is speci- 


■ High sensitivity 


10/iV 


■ Wide differential input range ±30V 

■ High output drive 50 mA, 50V 


connection diagram 




09 


Order Number LH2111D or 
LH2211D or LH2311D 
See Package 2 

Order Number LH2111F or 
LH2211F or LH2311F 
See Package 5 


auxiliary circuits 




’Increases typical common mode 
w from 7.0V/^s to 1 8 VI is. 


Increasing Input Stage Current* 



Driving Ground-Referred Load 



Using Clamp Diodes to Improve Responses 


FROM D/A NETWORK 




Comparator and Solenoid Driver Strobing off Both Input* TTL Interface with High Level Logic 

and Output Stages 
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LH2111/LH2211/LH2311 




LH 2111/ LH 2211/ LH 2 311 


absolute maximum ratings 

Total Supply Voltage (V + - V“) 36V Output Short Circuit Duration 10 sec 

Output to Negative Supply Voltage (V OUT - V ) 50V Operating Temperature Range LH2111 -55°Cto125°C 

Ground to Negative Supply Voltage (GND - V - ) 30V LH2211 -25°C to 85°C 

Differential Input Voltage ±30V LH2311 0°C to 70°C 

Input Voltage (Note 1 ) ±15V Storage Temperature Range -65°Cto150°C 

Power Dissipation (Note 2) 500 mW Lead Temperature (Soldering, 10 sec) 300°C 


electrical characteristics -each side (Note 3) 



LIMITS 


PARAMETER 

CONDITIONS 

LH2111 

LH2211 

LH2311 

UNITS 

Input Offset Voltage (Note 4) 

T a = 25°C, R s < 50k 

3.0 

3.0 

7.5 

mV Max 

Input Offset Current (Note 4) 

T a = 25°C 

10 

10 

50 

nA Max 

Input Bias Current 

T a = 25° C 

100 

100 

250 

nA Max 

Voltage Gain 

T a = 25° C 

200 

200 

200 

V/mV Typ 

Response Time (Note 5) 

T a = 25° C 

200 

200 

200 

ns Typ 

Saturation Voltage 

V (N < -5 mV, Iout = 50 m A 
T a = 25°C 

1.5 

1.5 

1.5 

V Max 

Strobe On Current 

T a = 25°C 

3.0 

3.0 

3.0 

mA Typ 

Output Leakage Current 

V 1N > 5 mV, V OUT = 35V 
T a = 25°C 

10 

10 

50 

nA Max 

Input Offset Voltage (Note 4) 

R s ^ 50k 

4.0 

4.0 

10 

mV Max 

Input Offset Current (Note 4) 


20 

20 

70 

nA Max 

Input Bias Current 


150 

150 

300 

nA Max 

Input Voltage Range 


±14 

±14 

±14 

V Typ 

Saturation Voltage 

V + > 4. 5V , V" = 0 

V| N < -5 mV, l S iNK<8mA 

0.4 

0.4 

0.4 

V Max 

Positive Supply Current 

T a = 25° C 

6.0 

6.0 

7.5 

mA Max 

Negative Supply Current 

T a = 25°C 

5.0 

5.0 

5.0 

mA Max 


Note 1: This rating applies for ±15V supplies. The positive input voltage limit is 30V above the negative supply. The negative 
input voltage limit is equal to the negative supply voltage or 30V below the positive supply, whichever is less. 

Note 2: The maximum junction temperature is 150°C. For operating at elevated temperatures, devices in the flat package, the 
derating is based on a thermal resistance of 185°C/W when mounted on a 1/16-inch-thick epoxy glass board with 0.03-inch- 
wide, 2 ounce copper conductor. The thermal resistance of the dual-in-line package is 100°C/W, junction to ambient. 

Note 3: These specifications apply for Vg - ±15V and -55° C < T^ < 125° C for the LH2111, -25°C < T/\ < 85°C for the 
LH2211, and 0°C < T^ < 70°C for the LH2311, unless otherwise stated. The offset voltage, offset current and bias current 
specifications apply for any supply voltage from a single 5V supply up to 4 15V supplies. For the LH2311, V|f\j=±10mV. 
Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of 
either supply with a 1 mA load. Thus, these parameters define an error band and take into account the worst case effects of 
voltage gain and input impedance. 

Note 5: The response time specified is for a 100 mV input step with 5 mV overdrive. 
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Analog Switches 

AH0014/AH0014C* DPDT, AH0015/AH0015C quad SPST, 
AH0019/AH0019C* dual DPST-TTL/DTL compatible 
MOS analog switches 

general description 

This series of TTL/DTL compatible MOS analog 
switches feature high speed with internal level 
shifting and driving. The package contains two 
monolithic integrated circuit chips: the MOS ana- 
log chip is similar to the MM450 type which 
consists of four MOS analog switch transistors; 
the second chip is a bipolar I.C. gate and level 
shifter. The series is available in both hermetic 
dual-in-line package and flatpack. 

features 

■ Large analog voltage switching ±10V 

■ Fast switching speed 500 ns 

■ Operation over wide range of power supplies 

■ Low ON resistance 200£2 

■ High OFF resistance 10 n £2 


■ Fully compatible with DTL or TTL logic 

■ Includes gating and level shifting 

These switches are particularly suited for use 
in both military and industrial applications such 
as commutators in data acquisition systems, multi- 
plexers, A/D and D/A converters, long time 
constant integrators, sample and hold circuits, 
modulators/demodulators, and other analog signal 
switching applications. For information on other 
National analog switches and analog interface ele- 
ments, see listing on last page. 

The AH0014, AH0015 and AH0019 are specified 
for operation over the -55°C to +125°C military 
temperature range. The AH0014C, AH0015C and 
AH0019C are specified for operation over the 
~25°C to +85°C temperature range. 



block and connection diagrams 



Order Number AH0014F or AH0014CF 
See Package 4 
Quad SPST 




Note: All logic inputs shown at logic "1." 

Order Number AH0015D or AH0015CD 
See Package 2 


typical applications 

I ntegrator 



•Previously called NH0014/NH0014C and NH0019/NH0019C 



Note: All logic inputs 
shown at logic "1." 


Order Number AH0014D or AH0014CD 
See Package 1 
Dual DPST 



logic locic j n p U ts shown at logic "1." 

Order Number AH0019F or AH0019CF 
See Package 4 

Order Number AH0019D or AH0019CD 
See Package 1 


Reset Stabilized Amplifier 
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AH0014/AH0014C , AH0015/AH0015C . AH0019/AH0019C 



AH0014/AH0014C. AH0015/AH0015C. AH0019/AH0019C 


absolute maximum ratings 




V cc Supply Vpltage 

7.0V 




V - Supply Voltage 

-30V 




V + Supply Voltage 

+30V 




V + /V~ Voltage Differential 

40V 




Logic Input Voltage 

5.5 V 




Storage Temperature Range 

-65° C to +1 50°C 




Operating Temperature Range 





AH0014, AH 001 5, AH0019 

-55°C to +1 25°C 




AH0014C, AH0015C, AH0019C 

-25°C to +85°C 




Lead Temperature (Soldering, 10 sec) 

300°C 




electrical characteristics 

(Notes 1 and 2) 




PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Logical "I” Input Voltage 

V cc = 4.5V 

2.0 



V 

Logical "0” Input Voltage 

V cc = 45V 



0.8 

V 

Logical ”1” Input Current 

V cc = 5.5V V IN = 2.4V 



5 

/uA 

Logical "1” Input Current 

V cc = 5.5V V IN = 5.5V 



1 

mA 

Logical "0” Input Current 

V cc = 5.5V V| N = 0.4V 


0.2 

0.4 

mA 

Power Supply Current Logical "1" 

V cc = 5.5V V, N = 4.5V 


0.85 

1.6 

mA 

Input - each gate (Note 3) 






Power Supply Current Logical "0” 

V cc = 5.5V V IN = 0V 





Input - each gate (Note 3) 






AH0014, AH0014C 



1.5 

3.0 

mA 

AH0015, AH0015C 



0.22 

0.41 

mA 

AH0019, AH0019C 



0.22 

0.41 

mA 

Analog Switch ON Resistance - each gate 

V in (Analog) = +10V 


75 

200 

n 


V, N (Analog) = -10V 


150 

600 

a 

Analog Switch OFF Resistance 



10 1 1 


n 

Analog Switch Input Leakage Current — 

V IN = -10V 





each input (Note 4) 






AH0014, AH0015, AH0019 

T a = 25° C 


25 

200 

pA 


T a = 125°C 


25 

200 

nA 

AH0014C, AH0015C, AH0019C 

T a = 25°C 


0.1 

10 

nA 


T a = 70° C 


30 

100 

nA 

Analog Switch Output Leakage 

v OUT = -iov 





Current — each output (Note 4) 






AH0014, AH0015, AH0019 

T a = 25° C 


40 

400 

PA 


T a = 125°C 


40 

400 

nA 

AH0014C, AH0015C, AH0019C 

T a = 25°C 


0.05 

10 

nA 


T a = 70° C 


4 

50 

nA 

Analog Input (Drain) Capacitance 

1 MHz @ Zero Bias 


8 

10 

pF 

Output Source Capacitance 

1 MHz @ Zero Bias 


11 

13 

pF 

Analog Turn-OFF Time — t OFF 

See test circuit; T A = 25 C 

! 

400 

500 

ns 

Analog Turn-ON Time — t ON 

See test circuit; T A = 25 C 





AH0014, AH0014C 



350 

425 

ns 

AH0015, AH0015C 



100 

150 

ns 

AH0019, AH0019C 



100 

150 

ns 

Notel: Min/max limits apply across the guaranteed temperature range of -55°C to +125°C for 



AH0014, AH0015, AH0019 and -25°C to +85° 

C for AH0014C, AH0015C, AH0019C. V~ 

= -20V. 



V = +10V and an analog test current of 1 mA unless otherwise specified. 




Note 2: All typical values are measured at T^ 

= 25° C with V CC = 5.0V. V + = +10V, V" 

-22V. 



Note 3: Current measured is drawn from V^C supply. 




Note 4: All analog switch pins except measurement pin are tied to V + . 
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analog switch characteristics (Note2) 



-55°C -15° 25° 65 105“ 

AMBIENT TEMPERATURE (°C) 



-55° -15° 25° 65° 105° 


AMBIENT TEMPERATURE (°C) 



-55° -15° 25 65° 105 

AMBIENT TEMPERATURE (°C) 


C|N « V tN 



-10 -8 -6 -4 -2 0+2 +4 +6 +8 +10 

ANALOG Vim (V) 



+10 0 -10 
ANALOG V, N (V) 



0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 


INPUT VOLTAGE (V) 


Schematic (Single Driver Gate 
and MOS Switch Shown) 


Analog Switching Time Test Circuit 



selecting power supply voltage 

The graph shows the boundary conditions which 
must be used for proper operation of the unit. 
The range of operation for power supply V~ is 
shown on the X axis. It must be between -25V 
and -8V. The allowable range for power supply 
V + is governed by supply V~. With a value chosen 
for V - , V + may be selected as any value along a 
vertical line passing through the V" value and 
terminated by the boundaries of the operating 
region. A voltage difference between power sup- 
plies of at least 5V should be maintained for 
adequate signal swing. 
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AH0014/AH0014C . AH0015/AH0015C, AH0019/AH0019C 



AH0120/ AH0130 / AH0140 / AH0150/ AH0160 Series 



Analog Switches 


AH0120/AH0130/AH0140/AH0150/AH0160 
series analog switches 


general description 

The AH0100 series represents a complete family 
of junction FET analog switches. The inherent 
flexibility of the family allows the designer to 
tailor the device selection to the particular appli- 
cation. Switch configurations available include dual 
DPST, dual SPST, DPDT, and SPDT. r ds(ON) ranges 
from 10 ohms through 100 ohms. The series is 
available in both 14 lead flat pack and 14 lead 
cavity DIP. Important design features include: 

■ TTL/DTL and RTL compatible logic inputs 

■ Up to 20V p-p analog input signal 

■ r ds(ON) less than 10ST (AH0140, AH0141, 
AH0145, AH0146) 

■ Analog signals in excess of 1 MHz 

■ "OFF" power less than 1 mW 


■ Gate to drain bleed resistors eliminated 

■ Fast switching, t ON is typically .4 /us, t OFF is 
1.0 ns 

■ Operation from standard op amp supply volt 
ages, ±15V, available (AH0150/AH0160 series) 

■ Pin compatible with the popular DG 100 series. 

The AH0100 series is designed to fulfill a wide 
variety of analog switching applications including 
commutators, multiplexers, D/A converters, sample 
and hold circuits, and modulators/demodulators. 
The AH0100 series is guaranteed over the tempera- 
ture range -55°C to +125°C; whereas, the 
AH0100C series is guaranteed over the temperature 
range -25°C to +85°C. 


schematic diagrams 


DUAL DPST and DUAL SPST 



Note: Dotted line portions are not applicable to the dual SPST. 

logic and connection diagrams 


DPDT (diff.) and SPDT (diff.) 



Note: Dotted line portions are not applicable to 
the SPDT (differential). 


Order any of the devices below using the part number with a D or F suffix. See Packages 1 and 4. 

DUAL DPST DUAL SPST DPDT (Diff) SPDT (Diff) 



HIGH LEVEL (±10V) 
AHO140 (ion) 
AH0129 (30ft) 
AH0126 (80ft) 


HIGH LEVEL (±10V) 
AH0141 (10ft) 
AH0133 (30ft) 
AH0134 (80ft ( 


HIGH LEVEL (±10V) 
AH0145 (10ft) 
AH0139 (30ft) 
AH0142 (80ft) 


HIGH LEVEL (?10V» 
AH0146 (10ft) 
AH0144 (30ft) 
AH0143 (80ft) 


MEDIUM LEVEL (±7.5V) 


MEDIUM LEVEL (±7.5V> 


MEDIUM LEVEL (±7.5) 


MEDIUM LEVEL (±7.5V) 


AH0153 (15ft) 
AH0154 (50ft) 


AH0151 (15ft) 
AH0152 (50ft) 


AH0163 (15ft) 
AH0164 (50ft) 


AH0161 (15ft) 
AH0162 (50ft) 
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absolute maximum ratings 


Total Supply Voltage (V + - V - ) 

Analog Signal Voltage (V + - V A or V A - V”) 
Positive Supply Voltage to Reference (V + - V R ) 
Negative Supply Voltage to Reference (V R - V”) 
Positive Supply Voltage to Input (V + - V, N ) 

Input Voltage to Reference (V )N - V R ) 
Differential Input Voltage (V, N - V| N2 ) 

Input Current, Any Terminal 
Power Dissipation 

Operating Temperature Range AH01 00 Series 
AH0100C Series 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


High Medium 

Level Level 

36V 34V 

30V 25V 

25V 25V 

22 V 22V 

25V 25V 

±6V ±6V 

±6V ±6V 

30 mA 30 mA 

See Curve 
-55° C to +125°C 
-25° C to +85° C 
-65° C to +150°C 
300° C 


electrical characteristics for "HIGH LEVEL" Switches (Note 1) 


PARAMETER SYMBOL 


DUAL DPDT 
SPST (DIFF) 


V + = 12.0V. V~ = -18.0V, V R = 0.0V 


Positive Supply Current 
Switch ON 


Reference Input 
(Enable) ON Current 

Positive Supply 
Current Switch OFF 

Negative Supply 
Current Switch OFF 

Reference Input 
(Enable) OFF Current 


V,ni ^ V IN2 = 0.8V 


V.ni = V IN2 = 0.8V 


Switch ON Resistance 


Driver Leakage Curr 


Switch Leakage 
Current 


AH0134 AH0142 

AH0133 AH0139 


AH0141 AH0145 


I AH0134 AH0142 

AH0133 AH0139 


See Test C 
V A = ±10V 1 


Switch Turn-ON Time | t 0 N 


Switch Turn-OFF Time | toFF 


AH0134 AH0142 

AH0133 AH0139 


See Test C 
V A = ±10V 1 


Switch Turn-OFF Time I t OF | 


Note 1: Unless otherwise specified these limits apply for -55°C to +125°C for the AH0100 series 
and -25°C to +85°C for the AH0100C series. All typical values are for T A = 25°C. 

Note 2: For the DPST and Dual DPST, the ON condition is for V|N = 2.5V; the OFF condition 
is for V||sj = 0.8V. For the differential switches and SW1 and 2 ON, V | pg2 = 2.5V, V|ni = 3.0V. 
For SW3 and 4 ON, V iN 2 = 2.5V, V| N1 = 2.0V. 


AH0120/AH0130/AH0140 /AH0150/AH0160 Series 



AH0120/ AH0130/AH0140/AH0150/AH0160 Series 


electrical characteristics for "MEDIUM LEVEL" Switches (Note 1) 


PARAMETER 


DEVICE TYPE 


DUAL 

DPST 


DUAL 

SPST 


DUAL 

DPDT 


SPOT 

(DIFFI 


V* = +15. OV, V =-15V. V R =OV 


Logic "1 " 

Inpui Current 

Logic "0” 

Input Current 

Positive Supply 
Current Switch ON 

Negative Supply 
Current Switch ON 

Reference Input 
(Enable) ON Current 

Positive Supply 
Current Switch OFF 

Negative Supply 
Current Switch OFF 

Reference Input 
(Enable) OFF Current 

Switch ON Resistance 


Switch ON Resistance 


Driver Leakage Current 


Switch Leakage 
Current 


Switch Leakage 
Current 


Switch Turn-ON Tin 


Switch Turn-ON Time 


Switch Turn-OFF Tin 


Switch Turn-OFF Time 


'dioffi ' 
•storri 


AH0153 

AH0154 


All Circuits 
All Circuits 
All Circuits 
All Circuits 
All Circuits 
All Circuits 
All Circuits 
All Circuits 


AH0151 
AH0152 
All C 
AH0151 
AH0152 

AH0151 


AH0163 

AH0164 

cuits 

AH0163 

AH0164 

AH0163 


AH0161 

AH0162 

AH0161 

AH0162 

AH0161 


Over Temp. Range 
T a = 25° C 


One Driver ON Note 2 


One Driver ON Note 2 


One Driver ON Note 2 


V IN2 0.8V 
V D = 7.5V 


V D = V s - -7 5V 


Over Temp. Range 
T a = 25°C 


Over Temp. Range 
T a - 25° C 


Over Temp. Range 
T a = 25° C 


Over Temp. Range 
T a = 25° C 


Over Temp. Range 
T a = 25°C 


Over Temp. Range 
T a = 25°C 


Over Temp. Range 
T a = 25° C 


Over Temp. Range 
T a - 25° C 


30 

50 


Over Temp. Range 
T a = 25° C 


Over Temp. Range 
T a = 25°C 


Over Temp. Range 
T a = 25° C 


Over Temp. Range 


See Test Circuit 
V A = ±7.5V 
T a = 25°C 

See Test Circuit 
V A = ±7.5V 
T a = 25° C 

See Test Circuit 
V A - 17.5V 
T a = 25° C 

See Test Circuit 
V A = 17.5V 
T a = 25° C 


MA 

pA 

ma 

pA 

mA 

mA 


mA 

mA 

mA 

mA 

MA 

MA 


PA 

pA 

MA 

pA 


Note 1: Unless otherwise specified, these limits apply for -55°C to +125°C for the AH0100 series 
and -25°C to +85°C for the AH0100C series. All typical values are for Ty\ = 25°C. 

Note 2: For the DPST and Dual DPST, the ON condition is for V||\| - 2.5V; the OFF condition 
is for V||\| = 0.8V. For the differential switches and SW1 and 2 ON, V|[\j2 = 2.5V, V|ni = 3.0V. 
For SW3 and 4 ON, V )N2 = 2.5V, V iN1 = 2.0V. 
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typical performance characteristics 


Power Dissipation 
vs Temperature 



0 25 50 75 100 125 

TEMPERATURE (‘ 0 


ON Supply Current 
vs Temperature 
2.4 


5 2.0 
E 

s 1,6 

!r 

= 1.2 


£ 0.8 
§ 0.4 


0 

-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 











1^5 

55 


m 





SQ|g 







WM 
















, i- 
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■r 

(ONI - 
1 








tz 








LZ 






r ds(ON) vs Temperature 
AH0120 thru AH0140 Series 


100 



cc 


1.0 

-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (° C) 



r ds(ON) vs Temperature 
AH0150/AH0160 Series 


Leakage Current vs Temperature 
AH0120, AH0130, & AH0140 



-75 -50 -25 0 25 50 75 100 125 



25 45 65 85 105 125 


TEMPERATURE (°C) 


TEMPERATURE (°C) 


Leakage Current vs Temperature 
AH0150 & AH0160 



25 45 65 85 105 125 


TEMPERATURE (°C) 


Single Ended Switch Input 
Threshold vs Temperature 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Differential Switch Input 
Threshold vs Temperature 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


switching time test circuits 


Single Ended Input 


Differential Input 
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AH0120/AH0130 /AH0140 / AH0150 /AH0160 Series 



AH0120/AH0130/AH0140/AH0150/AH0160 Series 


applications information 

1. INPUT LOGIC COMPATIBILITY 

A. Voltage Considerations 

In general, the AH0100 series is compatible with 
most DTL, TTL, and RTL logic families. The 0N- 
input threshold is determined by the V BE of the 
input transistor plus the V f of the diode in the 
emitter leg, plus I x R 1f plus V R . At room 
temperature and V R = OV, the nominal ON thres- 
hold is: 0.7V + 0.7V + 0.2V,= 1.6V. Over temperature 
and manufacturing tolerances, the threshold may 
be as high as 2.5V and as low as 0.8V. The rules 
for proper operation are: 

V| N - V R > 2.5V All switches ON 
V, N -V R < 0.8V All switches OFF 



i 


B. Input Current Considerations 

I in(on)/ the current drawn by the driver with 
V, N = 2.5V is typically 20 jdA at 25°C and is guar- 
anteed less than 120 p A over temperature. DTL, 
such as the DM930 series can supply 180 pA at 
logic “1" voltages in excess of 2.5V. TTL output 
levels are comparable at 400 fi A. The DTL and 
TTL can drive the AFI0100 series directly. How- 
ever, at low temperature, DC noise margin in the 
logic "1” state is eroded with DTL. A pull-up re- 
sistor of 10 k L2 is recommended when using DTL 
over military temperature range. 

If more than one driver is to be driven by a DM930 
series (6K) gate, an external pull-up resistor should 
be added. The value is given by : 

Rp = nT~ 1 f °rN>2 

where: 

R P = value of the pull-up resistor in k£7 
N = number of drivers. 

C. Input Slew Rate 

The slew rate of the logic input must be in excess 
of 0.3V//IS in order to assure proper operation of 
the analog switch. DTL, TTL, and RTL output 
rise times are far in excess of the minimum slew 
rate requirements. Discrete logic designs, however, 
should include consideration of input rise time. 

2. ENABLE CONTROL 

The application of a positive signal at the V R 


terminal will open all switches. The V R (ENABLE) 
signal must be capable of rising to within 0.8V of 
Vin(on) ' n t ^ e OFF state ap d of sinking I R( 0 n) 
milliamps in the ON state (at V| N( 0 n) - V R > 
2.5V). The V R terminal can be driven from most 
TTL and DTL gates. 

3. DIFFERENTIAL INPUT CONSIDERATIONS 

The differential switch driver is essentially a differ- 
ential amplifier. The input requirements for proper 
operation are: 

IV, N1 - V IN2 I>0.3V 

2.5 < (V, N1 or V IN2 ) - V R < 5V 

The differential driver may be furnished by a DC 
level as shown below. The level may be derived 
from a voltage divider to V + or the 5V V cc of 
the DTL logic. In order to assure proper operation, 
the divider should be "stiff" with respect to l| N2 . 
Bypassing R1 with a 0.1 n F disc capacitor will 
prevent degradation of t G N and t OFF . 



Alternatively, the differential driver may be driven 
from a TTL flip-flop or inverter. 



Connection of a 1 mA current source between V R 
and V - will allow operation over a ±10V common 
mode range. Differential input voltage must be less 
than the 6V breakdown, and input threshold of 
2.5V and 300mV differential overdrive still prevail. 
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4. ANALOG VOLTAGE CONSIDERATIONS 

The rules for operating the AH0100 series at 
supply voltages other than those specified essen- 
tially breakdown into OFF and ON considerations. 
The OFF considerations are dictated by the maxi- 
mum negative swing of the analog signal and the 
pinch off of the JFET switch. In the OFF state, 
the gate of the FET is at V~ + V BE + V SAT or 
about 1.0V above the V - potential. The maximum 
V P of the FET switches is 7V. The most negative 
analog voltage, V A , swing which can be accomo- 
dated for any given supply voltage is: 

IV A I<IV I- V P - V BE - V SAT or 

IV A I<IV _ 1-8.0 or IV"I>IV A I+8.0V 

For the standard high level switches, V A <1- 181 
+8 = -10V. The value for V + is dictated by the 
maximum positive swing of the analog input volt- 
age. Essentially the collector to base junction of 
the turn-on PNP must remain reversed biased for 
all positive value of analog input voltage. The base 
of the PNP is at V + - V SAT - V BE or V + - 1.0V. 
The PNP's collector base junction should have at 
least 1.0V reverse bias. Hence, the most positive 
analog voltage swing which may be accommodated 
for a given value of V + is: 

typical applications 


V A < V + - V SAT - V BE - 1 .0V or 

V A < V + - 2.0V or V + > V A + 2.0V 

For the standard high level switches, V A = 12- 
2.0V = + 10V. 

5. SWITCHING TRANSIENTS 

Due to charge stored in the gate-to-source and 
gate-to-drain capacitances of the FET switch, tran- 
sients may appear in the output during switching. 
This is particularly true during the OFF to ON 
transition. The magnitude and duration of the 
transient may be minimized by making source 
and load impedance levels as small as practical. 



Furthermore, transients may be minimized by 
operating the switches in the differential mode; 
i.e., the charge delivered to the load during the 
ON to OFF transition is, to a large extent, can- 
celled by the OFF to ON transition. 


Programmable One Amp Power Supply 
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AH0120/ AH0130 / AH0140 / AH0150/AH0160 Series 




AH0120/AH0130/AH0140/AH0150/AH0160 Series 


typical applications (con # t) 

Four Channel Differential Transducer Commutator 




Delta Measurement System for Automatic Linear Circuit Tester 



will measure line and load regulation on voltage regulators, voltage gain, offset current, CMRR and 
PSRR on op amps as well as other circuits requiring measurement of the change of a parameter 
with the change of a forcing function. 

Precision Long Time Constant Integrator with Reset Four Channel Commutator 



_L1_, r _Ll_ 


~ 1 ~ 

! 11 i J. 

j 

! ! 

| I J | T 

1 

; 

L !'■ i 

! i 

y 

-<3-Ctj= 

-xi-ai 

_ J 
■ 1 


. n. r. 


rjwr 


Analog Signal Range: 15V P | 
Sample Rate: 1 MHz 
Acquisition Time: 2(Vts 
Drift Rate: 0.5 mV/sec 
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Analog Switches 


AH 2114 /AH 2114 C DPST analog switch 
general description 


The AH2114 is a DPST analog switch circuit com- 
prised of two junction FET switches and their 
associated driver. The AH21 14 is designed to fulfill 
a wide variety of high level analog switching appli- 
cations including multiplexers, A to D Converters, 
integrators, and choppers. Design features include: 

■ Low ON resistance, typically 75f2 

■ High OFF resistance, typically lO 11 ^ 

■ Large output voltage swing, typically ±10V 


■ Powered from standard op-amp supply voltages 
of ±15V 

■ Input signals in excess of 1 MHz 

■ Turn ON and turn-OFF times typically 1 ^ s 

The AH2114 is guaranteed over the temperature 
range -55°C to +125°C whereas the AH2114C is 
guaranteed over the temperature range 0°C to 
+85°C. 


schematic and connection diagrams 



ac test circuit and waveforms 


E,„. R s = 600- 




FIGURE 1. 


FIGURE 2. 


AH2114/AH2114C 



AH2114/AH2114C 


absolute maximum ratings 


Vplus Supply Voltage 

Vminus Supply Voltage 

Vplus -Vminus Differential Voltage 

Logic Input Voltage 

Power Dissipation (Note 3) 

Operating Temperature Range 
AH2114 
AH2114C 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


+25V 

-25V 

40V 

25V 

1.36W 

-55°C to +125°C 
0°C to +85° C 
-65° C to +1 25°C 
300° C 


electrical characteristics (Notes i and 2) 


D A D A MPTtD 

CONDITIONS 

AH2114 

AH2114C 

UNITS 

rMnMIVIE 1 trv 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Static Drain-Source 

l D = 1.0 mA, V GS = OV, T a - 25° C 


75 

100 


75 

125 

n 

"On" Resistance 

l D = 1.0 mA, V GS = 0V 



150 



160 

n 

Drain-Gate 

V DS = 20V, V GS = -7 V, T a = 25° C 


0.2 

1.0 


0.2 

5.0 

nA 

Leakage Current 




60 



60 

nA 

FET Gate-Source 

> G -= 1-0 U A 

35 



35 



V 

Breakdown Voltage 

V DS = OV 








Drain-Gate 

V DG - 20V, l s - 0 


4.0 

5.0 


4.0 

5.0 

pF 

Capacitance 

f = 1.0 MHz, T a = 25° C 








Source-Gate 

V DG - 20V, l D = 0 


4.0 

5.0 


4.0 

5.0 

pF 

Capacitance 

f = 1.0 MHz, T a = 25° C 








Input 1 Turn-ON Time 

V, N1 - 10V, T a - 25 C 
(See Figure 1 ) 


35 

60 


35 

60 

ns 

Input 2 Turn-ON Time 

V| N2 - 10V, T a - 25°C 
(See Figure 1 ) 


1.2 

1.5 


1.2 

1.2 

Ids 

Input 1 Turn-OFF Time 

V IN1 = 10V, T a = 25°C 
(See Figure 1 ) 


0.6 

0.75 


0.6 

0.75 

Ids 

Input 2 Turn-OFF Time 

V,n2 " 10V, T a - 25 C 
(See Figure 1 ) 


50 

80 


50 

80 

ns 

DC Voltage Range 

T a 25° C 
(See Figure 2) 

±9.0 

±10.0 


±9.0 

±10 0 


V 

AC Voltage Range 

T a = 25° C 
(See Figure 2) 

±9.0 

±10.0 


±9.0 

±10.0 


V 


Note 1: Unless otherwise specified these specifications apply for pin 12 connected to + 15V, pin 2 
connected to -1 5V, -55°C to 125°C for the AH21 14, and 0°C to 85°C for the AH21 140- 


Note 2: All typical values are for = 25°C. 
Note 3: Derate linearly at 100°C/W above 25°C. 




Analog Switches 


AH5009 series low 


cost analog current switches 


general description 

The AH5009 series is a versatile family of analog 
switches designed to economically fulfill a wide 
variety of multiplexing and analog switching appli- 
cations. 

Even numbered switches (AH5010, AH5012, 
AH5014, etc.,) may be driven directly from 
standard (5V) TTL; whereas the odd numbered 
switches (AH5009, AH5011, AH5013, etc.,) are 
intended for applications utilizing open-collector 
(15V) structures. 


features 



Large analog signal range 

±10V peak 


Excellent isolation 

80 dB 


between channels 

at 1 kHz 


Very low leakage 

50 pA 


High switching speed 

150 ns 


Low on resistance 

icon 


Interfaces with standard TTL 



functional and schematic diagrams 


MUX Switches 
(4 channel version shown) 


SPST Switches 


(quad versi 


ion shown) 


MUX Switches 
(4 channel version shown) 



COMMON DRAINS 


SPST Switches 
(quad version shown) 



14 0 - 




UNCOMMITTEO DRAINS 


connection diagrams 


Dual-1 n-Line Package Dual-1 n-Line Package Dual-1 n-Line Package 



Order Number: 
AH5017CN 
AH5018CN 
AH5019CN 
AH5020CN 
AH5021CN 
AH5022CN 
AH5023CN 
AH5024CN 
See Package 1 5 



Order Number: 
AH5009CN 
AH5010CN 
AH5013CN 
AH5014CN 
See Package 17 



Order Number: 
AH5011CN 
AH5012CN 
AH5015CN 
AH5016CN 
See Package 18 
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AH5009 




AH5009 


absolute maximum ratings 




Input Voltage (V, N ) 


±30V 




Positive Analog Signal Voltage (V A ) 

30V 




Negative Analog Signal Voltage (V A ) 

—15V 




Diode Current 


10 mA 




Drain Current (l D ) 


30 mA 




Power Dissipation {see graph) 

500 mW 




Operating Temperature Range 

-25°C to +85° C 




Storage Temperature Range 

— 65°C to +1 50°C 




Lead Temperature (Soldering, 10 sec.) 

300°C 




electrical characteristics 

(each channel) 




PARAMETER (Note 2) 

CIRCUIT TYPE 

CONDITIONS (Note 1) 

TYP 

MAX 

UNITS 

Input Current "ON” 

All 

V | N = 0V, l D = 2 mA, T A = 25°C 

.01 

.1 

aa 

( 1 IN(ON)) 

V, N = 0V, l D = 2 mA 


100 

aa 

Input Current "OFF" 

5VTTL 

V tN = 4.5V, V A = ±10V, T A = 25° C 

.04 

.2 

nA 

( 1 IN(0 FF) ) 

V 1N = 4.5V, V A = ±10V 


10 

nA 

Input Current "OFF" 

0|N(OFF)) 

15VTTL 

V IN = 11V, V A = ±10V, T A = 25°C 

.04 

.2 

10 

< < 
c c 

Channel Control Voltage 

5VTTL 

V A = ±10V, l D = 1 mA 


.5 

V 

"ON" (V| N( on)) 

15VTTL 

V A = ±10V, l D = 1 mA 


1.5 

V 

Channel Control Voltage 

5VTTL 

V A = ±10V 


4.5 

V 

"Off"<v 1n(OFF) ) 

15VTTL 

V A = ±10V 


11 

V 

Leakage Current "OFF" 

5VTTL 

V IN - 4.5V, V A = ±10V, T A = 25° C 

.02 

.2 

nA 

Od(off)) 

V 1N = 4.5V, V A =* ±10V 


10 

nA 

Leakage Current "OFF" 

15VTTL 

V| N - +1 IV, V A = ±10V, T a = 25°C 

.02 

.2 

nA 

Od<off) ) 

V IN = +1 IV, V A = ±10V 


10 

nA 

Leakage Current "ON" 

5VTTL 

V IN = 0V, l s = 1mA, T A = 25°C 

.3 

1 

nA 

Od(on)) 

V| N = 0V, l s = 1 mA 


.2 

aa 

Leakage Current "ON" 

15VTTL 

V | N - 0V, l s = 1 mA, T A = 25° C 

.1 

.5 

nA 

(•dion)) 

< 

E 

> 

o 

2 

> 


.1 

aa 

Leakage Current "ON" 

5VTTL 

V| N - 0V, l s = 2 mA, T A = 25° C 


1 

aa 

(Id(on) 

V | N = 0V, l s = 2 mA 


10 

aa 

Leakage Current "ON" 

15VTTL 

V| N = 0V, l s = 2 mA, T A = 25° C 


2 

nA 

(•dion)) 

V | N = 0V, l s = 2 mA 


1 

aa 

Drain-Source Resistance 

5VTTL 

V IN = 0.5V, l D = 2 mA, T A = 25°C 

90 

150 

n 

"ON” (r DS(0 N)) 

V tN = 0.5V, l D = 2 mA 


240 

n 

Drain-Source Resistance 

15VTTL 

V| N = 1.5V, l D = 2 mA, T a = 25°C 

60 

100 

a 

"ON" (r DS ( ON) ) 

V IN = 1.5V, l D = 2mA 


160 

n 

r dsion) Match (Effective 

15VTTL MUX 

V | m = 1.5V, l 0 = 2 mA 


50 

n 

r DS(ON))( r DS(ON) EFF.) 

5VTTL MUX 

V IN = 0.5V, l D = 2 mA 


Turn-On Time (t (ON) ) 

All 

See AC Test Circuits, T A = 25°C 

150 

500 

ns 

Turn-Off Time (t( 0 FF>) 

All 

See AC Test Circuits, T A = 25°C 

300 

500 

ns 

Cross Talk (CT) 

All 

See AC Test Circuits, T A = 25°C 

120 


dB 

Note 1: Unless otherwise noted, these specifications apply for -25° C to +85° C for AH5009C through AH5012C. 


Note 2: "OFF" and "ON" 

notation refers to the conduction state of the FET switch. 
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LEAKAGE CURRENT, I d(0F f) (pA) POWER DISSIPATION (mW) 


typical performance characteristics 



0 25 SO 75 too 

TEMPERATURE (°C) 


Leakage Current, Id(ON) vs *S 



0 0.5 1.0 1 5 2.0 

SOURCE CURRENT (mA) 


100k 




Leakage Current, Id(ON) 
vs Temperature 



25 35 45 55 65 75 85 

TEMPERATURE CC) 


Cross Talk, CT vs Frequency 


pm — TTTTTm 
I V A = ±10V 



AH5009 




AH5009 


applications information 

Theory of Operation 

The AH5009 series of analog switches are pri- 
marily intended for operation in current mode 
switch applications; i.e., the drains of the FET 
switch are held at or near ground by operating into 
the summing junction of an operational amplifier. 
Limiting the drain voltage to under a few hundred 
mV eliminates the need for a special gate driver. 
Thus, the switch may be controlled with conven- 
tional TTL elements (5V) or with the open collec- 
tor (15V) structures. 

Two basic switch configurations are available, 
multiple independent switches (N by SPST) and 
multiple pole switches used for multiplexing 
(NPST-MUX). The MUX versions such as the 
AH5009 offer common drains and include a series 
FET operated at V GS = OV. The additional FET is 
placed in feedback path in order to compensate for 
the "ON" resistance of the switch FET as shown 
in Figure 1. 

The closed-loop gain of Figure 1 is: 

R 2 + r DS(ON)Q2 

A VC l =— 

R 1 + r DS(ON)Q1 


COMPENSATION 

FET 



For R! = R 2 , gain accuracy is determined by the 
r ds(on) match between Q-| and Q 2 . Standard 
match between Q-, and Q 2 is 50£2 resulting in a 
gain accuracy of 0.5% (for R, = R 2 = 10k). 
Tighter r DS(0 N) match versions are available. 

Noise Immunity 

The switches with the source diodes grounded 
exhibit improved noise immunity for positive 
analog signals in the "OFF" state. With V, N = 15V 
and the V A = +10V, the source of Qt is clamped 
to about 0.6V by the diode (V GS = 14.4V). The 
"ON" impedance of the diode is about 26£2 
ensuring that AC signals imposed on the +10V 
will not gate the FET "ON." 

Selection of Gain Setting Resistors 

Since the AH5009 series of analog switches are 
operated current mode, it is generally advisable to 
make the signal current as large as possible. How- 
ever, current through the FET switch tends to for- 
ward bias the gate to channel (source) diode 
resulting in leakage across the diode. This leakage, 
I D (on)/ increases exponentially with increasing l s . 
As shown in Figure 2, Ip(ON) represents a finite 
error in the current reaching the summing junction 
of the op amp. 



Secondly, the r DS(ON ) of the FET begins to 
"round" as l s approaches l DSS . A practical rule of 
thumb is to maintain l s at less than 1/10 of l DSS . 

Combining the criteria from the above discussion 
yields: 


> 

V A(MAX) a D 

(2a) 

1 D(ON) 



> 

V A(MAX) 

(2b) 


Idss/10 



which ever is worse. 

Where: V A < MAX ) = Peak amplitude of the ana- 
log input signal 

A d = Desired accuracy 

I d< on) = Leakage at a given l s 

I dss = Saturation current of the 

FET switch 

= 20 mA 


In a typical application, V A might = ±10V, A D = 
0.1 %, 0°C < T a < 85°C. The criterion of equation 
(2b) predicts: 


10V 

10 


5kO 


For Rt = 5k, l s = 10V/5k or 2 mA. The electrical 
characteristics guarantee an I D ( 0 n) < IpA at 85°C 
for the AH5010C. Per the criterion of equation 
(2a): 


Rl(MIN) 


> 


(lov)do- 3 ) 

1 X 10- 6 


> 10k£2 


Since equation (2a) predicts a higher value, the 
10k resistor should be used. 



FIGURE 3. 


The "OFF" condition of the FET also effects gain 
accuracy. As shown in Figure 3, the leakage across 
Q 2 , •d(off) represents a finite error in the current 
arriving at the summing junction of the op amp. 
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applications information (con't) 



FIGURE 4. Interfacing with +5V Logic 


1 1 

♦15V ^ p ^ ^ 

j + * v_r -p 

S TO 

1 10K) 


LOGIC 

INPUT 

i ili 

| 15V TTL GATE | 



FIGURE 5. Interfacing with +15V Open Collector Logic 


Accordingly: 

V A(M(N ) a d 

'*1 (MAX) S' ~ , 

(N) Id(off) 

Where: V A(M)N ) = Minimum value for the ana- 
log input signal 

A d = Desired accuracy 

N = Number of channels 

I d(off) = OFF leakage of a given FET 
switch 

As an example, if N = 10, A D = 0.1%, and Ip(OFF) 
< 10 nA at 85°C for the AH5009C, R 1(MA x) is: 

^ (iv)(io- 3 ) 

Rkmax) ^ 10k 

’ ~ (10X10 x 10- 9 ) 

Selection of R 2 , of course, depends on the gain 
desired and for unity gain = R 2 . 

Lastly, the foregoing discussion has ignored resis- 
tor tolerances, input bias current and offset 
voltage of the op amp — all of which should be 
considered in setting the overall gain accuracy of 
the circuit. 

TTL Compatibility 

Two input logic drive versions of AH5009 series 
are available: the even numbered part types are 
specified to be driven from standard 5V-TTL logic 


and the odd numbered types from 15V open 
collector TTL. 

Standard TTL gates pull-up to about 3.5V (no 
load). In order to ensure turn-off of the even 
numbered switches such as AH5010, a pull-up 
resistor, R EXT , of at least 10 should be placed 
between the 5V V cc and the gate output as shown 
in Figure 4. 

Likewise, the open-collector, high voltage TTL 
outputs should use a pull-up resistor as shown in 
Figure 5. In both cases, t (OFF) is improved for 
lower values of R ext and the expense of power 
dissipation in the low state. 



FIGURE 6. Definition of Terms 


Definition of Terms 

The terms referred to in the electrical character- 
istics tables are as defined in Figure 6. 
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AH5009 




AH5009 


device schematics and pin 

connections 



FOUR CHANNEL 

AH5009CN (RdS(ON) < 10012 15V ' TTL > 
AH5010CN (RdS(ON) < 15012 5V * TTL > 
14 PIN DIP 

AH5011CN (RDS(ON) < 10012 15V - TTL) 
AH5012CN (RDS(ON) < 15017 5V - TTL) 
16 PIN DIP 

Tf 

'^£T' 

'TT 

Tf 

> 

< > — O 11 

'TY~ 

' TT 

> 

"tSt 

"TiT 


"TT" 


THREE CHANNEL 

AH5013CN (RDS(ON) < 10012 15V - TTL) 
AH5014CN (RDS(ON) < 15012 5V - TTL) 
14 PIN DIP 

AH5015CN (RDS(ON) < 10012 15V - TTL) 
AH5016CN (RDS(ON) < 15017 5V - TTL) 
16 PIN DIP 

TfT 


‘TT" 

'TT' 


'TT" 

'TT 

— O ll 

"T IT" 



TWO CHANNEL 

AH5017CN (RDS(ON) £ 10012 15V ' TTL) 
AH5018CN (RDS(ON) ^ 15012 5V - TTL) 

8 PIN DIP 

AH5019CN (RdS(ON) ^ 10012 15V - TTL) 
AH5020CN (RDS(ON) ^ 15012 5V - TTL) 

8 PIN DIP 

’TT - 

_L £T' 

TY~ 

'TT 


TT" 


SINGLE CHANNEL 

AH5021CN (Rps(ON) < 10012 15V - TTL) 
AH5022CN (RpSlON) < 15012 5V - TTL) 

8 PIN DIP 

AH5023CN (RpS(ON) < 10012 15V TTL) 
AH5024CN (RpS(ON) < 15012 5V - TTL) 

8 PIN DIP 

'TTT^r 

3 1 5 

TT 


Package Types — 8, 14, 16 pin epoxy "B" 
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AH5009 





AM1000, AM1001, AM1002 



Analog Switches 


AM1000.AM1001,AM1002 silicon N-channel 
high speed analog switch 


general description 

The AMI 000 series are junction FET integrated cir- 
cuit analog switches. These devices commutate 
faster and with less voltage spiking than any other 
analog switch presently available. By comparison, 
discrete JFET switches require elaborate drive cir- 
cuits to obtain reasonable performance for high 
toggle rates. Encapsulated in a four pin TO-72 
package, these units require a minimum of circuit 
board area. Switching transients are greatly reduced 
by a monolithic integrated circuit process. The 
resulting analog switch device provides the follow- 
ing features: 

■ Low ON Resistance 3012 

■ High Analog Signal Frequency 100 MHz 


■ High Toggle Rate 4 MHz 

■ Low Leakage Current 250 p A 

■ Large Analog Signal Swing ±15V 

■ Break Before Make Action 

The AM 1000 series of analog switches are particu- 
larly suitable for the following applications: 

■ High Speed Commutators 

■ Multiplexers 

■ Sample and Hold Circuits 

■ Reset Switching 

■ Video Switching 


schematicand connection diagram equivalent circuit 

TO-72 Package 



or AM1001H or AM1002H 
See Package 8 

typical applications 


±10 Volt Swing Analog Switch 0.5% Accuracy 


±15 Volt Swing Analog Switch 


f - amiom] 
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absolute maximum ratings 

AM 1001 

V,m (Note 1) +50V 

V oux (Note 1 ) +50V 

V 0B1VE (Note 1) -50V 

V bias (Note 1 ) +50V 

electrical characteristics 


ON CHARACTERISTICS (Note 2) 


PARAMETER 

CONDITION 


MIN 

TYP 

MAX 

UNITS 


V D rive = +15V, V B i AS = -15V 
l,M = 1 mA, Vqut = ov 

AM 1001 

20 

40 

50 

52 

Ron 

Vdrive = +10V. V BIAS - -10V 

AM 1000 

20 

25 

30 

n 


l IN =•■ 1 mA. Vqut = 0V 

AM 1002 

20 

50 

100 

52 


OFF CHARACTERISTICS 


PARAMETER 

CONDITION 

AM1000 

AM1001 

AM 1002 

UNITS 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


•oUT (OFF) 

V D mvE = -20V, V BIAS : — 10V 
V IN = - 10V, V OUT * +10V 









T a = +25 'C 


05 

.25 


0.5 

1 

nA 


T a + 125°C 


025 

.25 


0.2 

1 

pA 

•oUT (OFF) 

V D rive ■- -20V. V BtAS - -10V 
V, N - +10V, Vqut = -10V 









T a = +25 C 


.05 

.25 


0.5 

1 

nA 


T a = + 125 C 


.05 

.25 


0.2 

1 

pA 


AM 1000 
AM 1002 
+40V 
+40V 
-40V 
+40V 


Power Dissipation @ T A = 25 C 300 mW 

Linear Derating Factor 1.7 mW/°C 

Power Dissipation @ T c - 125C 150 mW 

Linear Derating Factor 6 mW/°C 

Maximum Junction Operating Temperature -55 C to +150 C 
Storage Temperature +200°C 

Lead Temperature (Soldering, 10 sec) +300 C 


DRIVE CHARACTERISTICS (Note 3) 


PARAMETER 

CONDITION 

MIN 

TYP 

MAX 

UNITS 

•drive 

V D rive =- -20V. V BIAS = -10V AM 1000, 1001, 1002 


5 

10 

mA 

(Switch OFF) 

V, N = +10V, V OUT = +10V 






SWITCHING CHARACTERISTICS 


PARAMETER 

CONDITION 

AM 1000 
MAX 

AMI 001 
MAX 

AM 1002 
MAX 

UNITS 

l ON 

See Switching Time 

100 

150 

200 

ns 

l OFF 

Test Circuit 

100 

100 

100 

ns 


Note 1: The maximum voltage ratings may be applied between any pin or pins simultaneously. Power 
dissipation may be exceeded in some modes if the voltage pulse exceeds 10 ms. Normal operation will 
not cause excessive power dissipation even in a "D.C." switching application. 


Note 2: All parameters are measured with external silicon diodes. See electrical connection diagram 
for proper diode placement. 

Note 3: I BIAS (Switch OFF) is equal to I DRIVE (Switch OFF). I(BIAS) (Switch ON), is equal 
to external diode leakage. 

Note 4: Rise and fall times of Vqri\/£ shall be 15 ns maximum for switching time testing. 


switching time test circuit and waveforms 
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AM1000. AM1001 , AM1002 




AM 2009/AM 200 9C/MM4 504/MM 5504 


Analog Switches 


AM2009/AM2009C/MM4504/MM5504 
six channel MOS multiplex switches 


general description 

The AM2009/AM2009C/MM4504/MM5504 are six 
channel multiplex switches constructed on a single 
silicon chip using low threshold P-channel MOS 
process. The gate of each MOS device is protected 
by a diode circuit. 

features 

■ Typical low “on” resistance 1500 

■ Typical low “off" leakage 100 pA 

■ Typical large analog voltage range ±10V 

■ Zero inherent offset voltage 

■ Normally off with zero gate voltage 


The AM 2 009/ AM2009C/M M4504/M M 5504 are de- 
signed for applications such as time division multi- 
plexing of analog or digital signals. Switching 
speeds are primarly determined by conditions 
external to the device such as signal source imped- 
ance, capacitive loading and the total number of 
channels used in parallel. 

The AM2009/MM4504 are specified for operation 
over the -55°C to +125°C military temperature 
range. The AM2009C/MM5504 are specified for 
operation over the -25°C to +85°C temperature 
range. 


schematic diagram 



Pin numbers in parenthesis 
apply for the MM5404/ 
MM5504 only. 


Order Number 
AM2009F or AM2009CF 
MM4504F or MM55G4F 
See Package 4 


Order Number 
AM2009D or AM2009CD 
MM4504D or MM5504D 
See Package 1 


typical applications 




TTL Compatible 6 Channel MUX 


32 Channel MUX 
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absolute maximum ratings (v BULK = ov) 


Voltage on Any Source or Drain 

-30 V 

Total Power Dissipation (at T A = 25°C) 

900 mW 

Voltage on Any Gate 

-35V 

Power Dissipation — each gate circuit 

150 mW 

Positive Voltage on Any Pin 

+0.3V 

Operating Temperature Range AM2009 

-55°C to +125°C 

Source or Drain Current 

50 mA 

AM2009C 

-25°C to +85°C 

Gate Current (forward direction of zener clamp) 

electrical characteristics 

0.1 mA 
(Note 1 ) 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 

-65°C to +150°C 
300 °C 


PARAMETER 

CONDITIONS 

j LIMITS 

UNITS 

MIN 

TYP 

MAX 

Threshold Voltage 

VgS = ^DS' *DS = mA 

-1.0 


-3.0 

V 

DC ON Resistance 

V gs = -20V, I ds - -100 /jA, 






T a - 25° C 


150 

250 

£2 

DC ON Resistance 

V GS - -10V, V S8 = -20V, 






l DS = -100 mA, T a = 25°C 


500 

1250 

£2 

DC ON Resistance 

V GS = -20V, I ds = -100/uA 



325 

£2 

DC ON Resistance 

V GS = -10V, V SB = -20V, 






Ids ~ ~ 100 nA 



1500 

£2 

Gate Leakage 

V GS - -20V, Note 2 



1.0 

PA 


V GS - -20V, Note 2, T A - 25°C 


100 


pA 

Input Leakage 

V DS = -20V, Note 2 



1.0 

IdA 


V DS = -20V, Note 2, T A = 25°C 


100 


pA 

Output Leakage 

V SD = -20V, Note 2 



3.0 

tdA 


V so = -20V, Note 2, T A = 25' C 


500 


pA 

Gate-Bulk Breakdown 

*GB “ -10 pA, Note 2 

-35 



V 

Voltage 






Source-Drain Breakdown 

l SD = -10/iA. V GD - 0, 





Voltage 

Note 2 

-30 



V 

Drain-Source Breakdown 

Ids ~ -10 pA, V GS = 0, 





Voltage 

Note 2 

-30 



V 

Transconductance 



4000 


mhos 

Gate Capacitance 

Note 3, f - 1 MHz 


4.7 

8 

pF 

Input Capacitance 

Note 3, f 1 MHz 


4.6 

8 

pF 

Output Capacitance 

Note 3, f = 1 MHz 

1 


16 

20 

PF 


Motel: Ratings apply over the specified temperature range and Vg(j(_K “ unless otherwise specified. 

Note 2: All other pins grounded. 

Note 3: Capacitance measured on dual-in-line package between pin under measurement to all other pins Capacitances are guaranteed by design. 


typical performance characteristics 


"ON" Resistance vs Gate-to- 
Source Voltage 


"ON" Resistance vs T 
Temperature 



Input Leakage Current vs 
Temperature 



0 25 50 75 100 125 

TEMPERATURE ( C) 



AM3705/AM3705C 



Analog Switches 


AM3705/AM3705C 8-channel MOS analog multiplexer 
general description 


The AM3705/AM3705C is an eight-channel MOS 
analog multiplex switch. TTL compatible logic 
inputs that require no level shifting or input 
pull-up resistors and operation over a wide range 
of supply voltages is obtained by constructing the 
device with low threshold P-channel enhancement 
MOS technology. To simplify external logic re- 
quirements, a one-of-eight decoder and an output 
enable are included in the device. 

Important design features include: 

■ TTL/DTL compatible input logic levels 

■ Operation from standard +5V and -15V supplies 

■ Wide analog voltage range — ±5V 

■ One-of-eight decoder on chip 

■ Output enable control 


■ Low ON resistance — 15012 

■ Input gate protection 

■ Low leakage currents — 0.5 nA 

The AM3705/AM3705C is designed as a low cost 
analog multiplex switch to fulfill a wide variety of 
data acquisition and data distribution applications 
including cross-point switching, MUX front ends 
for A/D converters, process controllers, automatic 
test gear, programmable power supplies and other 
military or industrial instrumentation applications. 

The AM3705 is specified for operation over the 
-55°C to +125°C military temperature range. The 
AM3705C is specified for operation over the -25°C 
to +85°C temperature range. 




Order Number 
AM3705D or AM3705CD 
See Package 2 
AM3705F or AM3705CF 
See Package 5 


block diagram (milstd 806B) 


DATA INPUT 


Si 

O 

i 

s? Sj 

n n 

:hannel no.'s 
S 4 Ss 

o o 

S 6 S 7 

o <1 

s 8 

o 

liliJ 

LIT 

m 
1 1 

llln 
1 1 

2L 


ONE OUT-OF-EIGHT DECODER 1 VsS 

— V DD 


2° 2’ 2 2 OUTPUT 

ENABLE 



truth table 


LOGIC INPUTS 


typical application 

Buffered 8-Channei Multiplex, Sample and Hold 


12 


ELI 


mu 


"T -i 

Polystyrene dielectric 


n Analog Signal Range: +5V 
Acquisition Time: 25 ns 
Drift Rate: 0.5 mV/sec 
Aperature Time: 250 ns 
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absolute maximum ratings 




Positive Voltage on Any Pin (Note 1) 

+0.3V 




Negative Voltage on Any Pin (Note 1) 

-35V 




Source to Drain Current 


±30 mA 




Logic Input Current 


±0.1 mA 




Power Dissipation (Note 2) 


500 mW 




Operating Temperature Range AM3705 

-55°C to +125°C 




AM3705C 

-25°C to +85° C 




Storage Temperature Range 


-65°C to +150°C 




Lead Temperature (Soldering, 10 sec) 

300° C 




electrical characteristics 

(Note 3) 





SYMBOL 

CONDITIONS 

LIMITS 

UNIT 


MIN 

TYP 

MAX 


ON Resistance 

Ron 

V, N = V SS ; I O ut=100mA 


80 

250 

n 

ON Resistance 

Ron 

Yin ~ -5V; lour = -100 pA 


160 

400 

n 

ON Resistance 

Ron 

V|N ~ -5V; Iout ~ -100 pA 





AM3705 


T a = +125°C 



400 

n 

AM3705C 


T a - +70" C 



400 

n 

ON Resistance 

Ron 

V IN - +5V; V DD = -15V; 
Ioljt - 100 p A 


100 


n 

ON Resistance 

Ron 

V IN - 0V, V DD * -15V, 
'out = -100 pA 


150 


S2 

ON Resistance 

Ron 

V 1N = -5V; V DD - -15V; 
Iqut ~ -100 p A 


250 


n 

OFF Resistance 

r off 



10 10 


n 

Output Leakage Current 

■to 

Vss- V OU T= 15V 


0.5 

10 

nA 

AM3705 

1 LO 

V SS - V OUT = 15V; T a = 125°C 


150 

500 

nA 

AM3705C 

1 LO 

Vss _ Vqut = 15V; T A = 70 C 


35 

500 

nA 

Data Input Leakage Current 

LD 1 

V ss - V IN = 15V 


0.1 

3.0 

nA 

AM 3705 

' LDI 

V SS - V, N - 15V; T a - 1 25°C 


25 

500 

nA 

AM3705C 

•lD! 

V ss - V, N - 15V; T a = 70°C 


0.5 

500 

nA 

Logic Input Leakage Current 

Il, 

Vss- V Logicln = 15V 


.001 

1 

pA 

AM3705 

1 LI 

Vss- V Logicln = 15V; T a = 125°C 


.05 

10 

pA 

AM3705C 

* LI 

Vss" V Logic ,n= 15V;T a = 70°C 


.05 

10 

pA 

Logic Input LOW Level 

V, L 

V ss = +5.0V 


0.5 

1.0 

V 

Logic Input LOW Level 

V, L 


Vdd 


< 

o 

V 

Logic Input HIGH Level 

V, H 

V ss = +5.0V 

3.0 

3.5 


V 

Logic Input HIGH Level 

V IH 


V ss - 2.0 


V ss +0.3 

V 

Channel Switching Time-Positive 

t + 

[ Switching Time 


300 


ns 

Channel Switching Time-Negative 

t" 

| Test Circuit 


600 


ns 

Channel Separation 


f = 1 kHz 


62 


dB 

Output Capacitance 

C db 

Vss- V OU T = 0;f = 1 MHz 


35 


pF 

Data Input Capacitance 

Csb 

V ss - V D ip = 0; f = 1 MHz 


6.0 


PF 

Logic Input Capacitance 

Cc 9 

Vss- V Logicln = 0;f= 1 MHz 


6.0 


PF 

Power Dissipation 

Pd 

V DD = -31V, V ss = 0V 


125 

175 

mW 

Note 1: All voltages referenced to Vgs- 






Note 2: Rating applies for ambient temperatures to +25°C, derate linearly at 3 mW/°C for ambient 




temperatures above +25° C. 






Note 3: Specifications apply for T/^= 25° C, -24V <. Vqq <; -20V, and +5.0V Vjjg < +7.0V; unless 




otherwise specified (all voltages are referenced to ground). 
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AM 3705/ AM 370 5 C 



OUTPUT LEAKAGE CURRENT (pA) 


typical performance characteristics 


ON Resistance vs Analog 
Input Voltage 


ON Resistance vs 
Ambient Temperature 


ON Resistance vs Vqq 
S upply Voltage 



Output Leakage Current vs Switching time test Circuit 

Ambient Temperature 



typical applications (con't.) 


Differential Input MUX 16-Channel Commutator 



Input Current: 0.5 nA 


8-Channel Demultiplexer with Sample and Hold Wide Input Range Analog Switch 



Drift Rate: 20 mV/sec 




Analog Switches 


MM450/MM550, MM451/MM551 

MM452/MM552, MM455/MM555 MOS analog switches 


general description 

The MM450, and MM550 series each contain 
four p channel MOS enhancement mode transis- 
tors built on a single monolithic chip. The four 
transistors are arranged as follows: 


MM450, MM550 
MM451, MM 551 
MM452, MM552 
MM455, MM555 


Dual Differential 

Switch 

Four Channel 

Switch 

Four MOS Transis- 
tor Package 
Three MOS Tran- 
sistor Package 


These devices are useful in many airborne and 
ground support systems requiring multiplexing, 
analog transmission, and numerous signal routing 
applications. The use of low threshold transistors 
( Vj(_| = 2 volts) permits operations with large ana- 
log input swings (± 10 volts) at low gate voltages 
(—20 volts). Significant features, then, include: 


■ Large Analog Input Swing ±10 Volts 

■ Low Supply Voltage V BULK = +10 Volts 

V GG = -20 Volts 

■ Low ON Resistance V ( jvj = -10V 150L2 

V| N = +10V 75H 

■ Low Leakage Current 200 pA @ 25° C 

■ Input Gate Protection 

■ Zero Offset Voltage 

Each gate input is protected from static charge 
build-up by the incorporation of zener diode pro- 
tective devices connected between the gate input 
and device bulk. 

The MM450, MM451, MM452 and MM455 are 
specified for operation over the -55°C to +125°C 
military temperature range. The MM550, MM551, 
MM552 and MM555 are specified for operation 
over the -25°C to +70°C temperature range. 


schematic and connection diagrams 



NOTE : Pin 5 connected to us < 

MM450, MM550 


Order Number MM450H or MM550H 
See Package 10 



NOTE: Pin 5 connected to ca* 

Oram and Source may be interchanged. 

MM455. MM555 

Order Number MM455H or MM555H 
See Package 10 



NOTE 2: MM452D and MM552D (dual-in line 
packages) have same pin connections as 
MM452F and MM552F shown above. 

Order Number MM452F or MM552F 
See Package 4 

Order Number MM452D or IV1M552D 
See Package 1 



Order Number MM451H or MM551H 
See Package 10 


typical applications 
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MM450/MM550 > MM451/MM551, 
MM452/MM552, MM455/MM555 



MM450/MM550, MM451/MM551. 
MM 452/MM 552 , MM455/MM555 


absolute maximum ratings MM4M .mm 4 si.mm 4 S 2 .mm 455 

MM550, MM551 , 

MM552, MM555 

Gate Voltage (V GG ) 

+ 10V to -30V 


+ 10V to -30V 


Bulk Voltage (V BULK ) 

+ 10V 



+ 10V 


Analog Input (V | N ) 

+ 10V to -20V 


+ 10V to -20V 


Power Dissipation 

200 mW 


200 mW 


Operating Temperature 

-55° C to +1 25°C 


-25°C to 70° C 


Storage Temperature 

-65° C to +1 50° C 


-65 C to 

+ 150 C 


electrical characteristics 

STATIC CHARACTERISTICS (Note 1) 






PARAMETER 

CONDITION 

MIN 

TYP 

MAX 

UNITS 

Analog Input Voltage 




±10 

V 

Threshold Voltage (V GS(T )) 

Vqg = 0, 1 d = 1 MA 

1.0 

2.2 

3.0 

V 

ON Resistance 

V IN = -10V 


150 

600 

n 

ON Resistance 

V|N = V SS 


75 

200 

n 

OFF Resistance 



10 10 


n 

Gate Leakage Current (l GSB ) 

V GS =-25V,V BS = 0,T A = 25°C 


20 


pA 

Input (Drain) Leakage Current 
MM450, MM451 , MM452, MM455 

T a = 25°C 


.025 

100 

nA 


T a = 85° C 


.002 

1.0 

/iA 


T a = 125°C 


.025 

1.0 

MA 

Input (Drain) Leakage Current 
MM550, MM551 , MM552, MM555 

T a = 25° C 


0.1 

100 

nA 


T a = 70° C 


.030 

1.0 

/iA 

Output (Source) Leakage Current 
MM450, MM451 , MM452, MM455 

T A = 25° C 


.040 

100 

nA 

Output (Source) Leakage Current 
MM450 

T a = 85° C 



1.0 

/iA 

MM451 

T a = 85° C 



1.0 

ma 

MM452, MM455 

T a = 85° C 



1.0 

mA 

MM450, MM451 , MM452, MM455 

T a = 125°C 



1.0 

ma 

Output (Source) Leakage Current 
MM550 

T a = 70°C 



1.0 

ma 

MM551 

T a = 70°C 



1.0 

/iA 

MM552, MM555 

T a = 70°C 



1.0 

/iA 

DYNAMIC CHARACTERISTICS 

Large Signal Transconductance 

V Qg — —10V, Ip — 10 mA 
f = 1 kHz 


4000 


/imhos 

CAPACITANCE CHARACTERISTICS (Note 2) 

PARAMETER 

DEVICE TYPE 

MIN 

TYP 

MAX 

UNITS 

Analog Input (Drain) Capacitance (C DB ) 

ALL 


8 

10 

PF 


MM450, MM550 


11 

14 

pF 

Output (Source) Capacitance (C SB ) 

MM451 , MM551 


20 

24 

pF 

MM452, MM552 


7.5 

11 

pF 


MM455, MM555 


7.5 

11 

pF 


MM450, MM550 


10 

13 

pF 

Gate Input Capacitance (C GB ) 

MM451 , MM551 


5.5 

8 

pF 

MM452, MM552 


5.5 

9 

PF 


MM455, MM555 


5.5 

9 

pF 

Gate to Output Capacitance (C GS ) 

ALL 


3.0 

5 

pF 

Note 1: The resistance specifications apply for -55°C <T A < + 85°C, V GG = -20V, 

V BU LK - 



j + 10V, and a test current of 1 mA. Leakage current is measured with all pins held at ground except 



the pin being measured which is biased at -25V. 

Note 2: All capacitance measurements are made at 0 volts bias at 1 MHz. 
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DRAIN TO SOURCE VOLTAGE - VOLTS 


V GS - GATE TO SOURCE VOLTAGE - VOLTS 


MM450/MM550' MM451/MM551. 
MM452/MM552, MM455/MM555 
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Analog Switches 


MM454/MM554 four-channel commutator 
general description 


The MM454/MM554 is a four-channel analog com- 
mutator capable of switching four analog input 
channels sequentially onto an output line. The 
device is constructed on a single silicon chip using 
MOS P Channel enhancement transistors; it con- 
tains all the digital circuitry necessary to sequen- 
tially turn ON the four analog switch transistors 
permitting multiplexing of the analog input data. 
The device features: 


High Analog Voltage Handling 
High Commutating Rate 
Low Leakage Current (T A = 25°C) 
(T a = 85° C) 


±10V 
500 kHz 


■ All Channel Blanking input provided 

■ Reset capability provided 

■ Low ON Resistance 20012 

In addition, the MM454/MM554 can easily be 
applied where submultiplexing is required since a 
4:1 clock countdown signal is provided which can 
drive the clock input of subsequent MM454/MM554 
units. 

The MM454 is specified for operation over the 
-55°C to +125°C military temperature range. The 
MM554 is specified for operation over the -25°C 
to +70°C temperature range. 


schematic and connection diagrams 


ALL CHANNEL 
BLANKING 




Hea 


Note: Pin 7 connected to case and to device bulk. Nominal Operating Voltages: V GG = -24V; 
V OD = OV; Vss = +12V, RESET BIAS = +12V (OV for RESET), ALL CHANNEL BLANKING 
BIAS = +12V (OV for BLANKING) 

Order Number MM454F or MM554F 
See Package 4 


5-31 


MM454/MM554 






MM 454/MM 5 54 


absolute maximum ratings (Note n 





Gate Voltage (V GG ) 

Bulk Voltage (V ss ) 

Analog Input (V, N ) 

Power Dissipation 
Operating Temperature MM454 
MM554 

Storage Temperature 

+10V to -30V 
+ 10V 
+10V to -20V 
200 mW 
-55°C to +1 25°C 
-25° C to +70° C 
-65° C to +1 50°C 




static characteristics (Note 2 ) 






PARAMETER 

CONDITION 

MIN 

TYP 

MAX 

UNITS 

Analog Input Voltage 
ON Resistance 
ON Resistance 
OFF Resistance 

Analog Input Leakage Current MM454 
MM454 
MM554 
MM554 

Analog Output Leakage Current MM454 
MM454 
MM554 
MM554 

V ss Supply Current Drain 
V GG Supply Current Drain 

V IN » -10V 
V|N = V ss 

T a - 25° C 
T a = 85" C 
T a = 25° C 
T a = 70° C 
T a = 25° C 
T a = 85°C 
T a - 25° C 
T a = 70° C 
V ss = + 12V 
V GG = -24V 



170 

90 

10 '° 

.050 

.006 

.0001 

.030 

0.100 

30 

.0001 

.030 

3.8 

2.4 

±10 

600 

200 

100 

1.0 

100 

1.0 

100 

1.0 

100 

1.0 

5.5 

3.5 

V 

n 

n 

n 

nA 

AA 

nA 

ma 

nA 

ma 

nA 
A <A 
m A 
m A 

capacitance characteristics 

PARAMETER 

CONDITION 

MIN 

TYP 

MAX 

UNIT 

Analog Input Capacitance Channel OFF 

1 IN = 0 


4 

6 

PF 

Analog Input Capacitance Channel ON 

•in = 0 


20 

24 

PF 

Analog Output Capacitance 

1 IN = 0 


20 

24 

PF 

Clock Input 

V CL = +12V 


2.0 


PF 

Reset Input 

V RESET = + 12V 


2.0 


pF 

Blanking Input 

Vblank = + 12 V 




2.0 


PF 

clock characteristics (Note 3 ) 

PARAMETER 

CONDITION 

MIN 

TYP 

MAX 

UNIT 

Clock Input (HIGH)( 4 ) 


Vss -2 


Vss 

V 

Clock Input (LOW) 


-5 

0 

+ 5 

V 

Clock Input Rise Time (POS GOING) 


l\ 

o requiremer 

t 


Clock Input Fall Time (NEG GOING) 




20 

psec 

Countdown Output (POS) V OH 


Vss “2 


Vss 

V 

Countdown Output (NEG) V 0 l 



0 


V 

Maximum Commutation Rate 


0.5 

2.0 


MHz 

Vss 


+ 10.0 

+ 12 

+ 14 

V 

Note 1: Maximum ratings are limiting values above which the device may be damaged. All voltages 
referenced to Vqq = 0 . 

Note 2: These specifications apply over the indicated operating temperature range for Vqq = -24V, 
VDD = OV, Vqs = +12V, Vresqj = +12V, V 0 = +12V. ON resistance measured at 1 mA, 
OFF resistance and leakage measured with all analog inputs and output common. Capacitance measured 
at 1 MHz. 

Note 3: Operating conditions in Note 2 apply. Vgg to Vqq (OV) voltage is applied to counting and 
gating circuits. Vqq is required only for analog switch biasing. All logic inputs are high resistance and 
are essentially capacitive. 

Note 4: Logic input voltage must not be more positive than Vqs- 
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typical performance characteristics 



-10 -8 -6 -4 -2 0 +2 +4 +6 +8 +10 

V m ANALOG INPUT VOLTAGE (V) 



1 

13 



-10 -8 -6 -4 -2 0 +2 +4 +6 +8 +10 


V, n ANALOG INPUT VOLTAGE (V) 


Plus V||\| (max) vs Vgy|_K 




0 -2 -4 -6 -8 - 10 -12 -14 -16 -18 -20 


V m MAXIMUM POSITIVE GOING 
ANALOG EXCURSION (V) 


V, n MAXIMUM NEGATIVE 
ANALOG EXCURSION (R on = 1 KS2) (V) 


timing diagram 





OUTPUT "0“ 
COUNTDOWN "1" 


NOTE: "0" LEVEL = +12V 

"1” LEVEL = OV(GND) 





Mos Clock Drivers 


MH0007/MH0007C dc coupled MOS clock driver 


general description 

The MH0007 is a voltage translator and power 
booster designed for interfacing between conven- 
tional TTL or DTL voltage levels and those levels 
associated with inputs or clocks of MOS'FET type 
devices. The design allows the user a wide latitude 
in selection of supply voltages, and is especially 
useful in normally "off" applications, since power 
dissipation is typically only 5 milliwatts in the 
"off" state. 


features 

■ 30 volts (max) output swing 

■ Standard 5V power supply 

■ Peak currents in excess of ±300 mA available 

■ Compatible with all MOS devices 

■ High speed: 5 MHz with nominal load 

■ External trimming possible for increased per- 
formance 


schematic and connection diagram 



10 Pin TO-100 Package 



TOP VIEW 

Order Number MH0007H 
or MH0007CH 


See Package 1 1 


typical applications 

Switching Time Test Configuration 



High Speed Operation 
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MH0007/MH0007C 



MH0007/MH0007C 


absolute maximum ratings 

V C c Supply Voltage 

V - Supply Voltage 

V + Supply Voltage 

(V + - V~) Voltage Differential 

Input Voltage 

Power Dissipation (T A = 25°C) 

Peak Output Current 
Storage Temperature Range 
Operating Temperature Range MH0007 
MH0007C 

Lead Temperature (Soldering, 10 sec) 


8V 
-40V 
+28V 
30V 
5.5V 
800 mW 


*500 mA 
-65° C to +150 C 
-55°C to +125"C 
0 'C to +85 "C 
300" C 


electrical characteristics (Notei) 


PARAMETER 

CONDITIONS 

MIN 

TYP 
(Note 2) 

MAX 

UNITS 

Logical Input Voltage 

V CC = 4.5V 

2.2 



V 

Logical "0" Input Voltage 

V cc = 4.5V 



0.8 

V 

Logical "1" Input Current 

V cc = 5.5V, V IN = 5.5V 



100 

mA 

Logical "0" Input Current 

V cc = 5.5V, V IN = 0.4V 


1.0 

1.5 

mA 

Logical “V Output Voltage 

V cc = 5.5V, l OUT = 30 mA, V IN = 0.8V 
V CC = 5.5V, I OU t= 1mA, V, N = 0.8V 

V + -4.0 
V + - 2.0 



V 

V 

Logical “0” Output Voltage 

V cc = 4-5V, l OUT = 30 mA, V IN = 2.2V 



V~ + 2.0 

V 

Transition Time to 
Logical "0” Output 

C L = 200 pF (Note 3) 


50 


ns 

Transition Time to 
Logical "1" Output 

C L = 200 pF (Note 3) 


75 



ns 


Note 1: Min/max limits apply across the guaranteed range of -55°C to +125°C for the MH0007, and 
from 0°C to +85° C for the MH0007C, for all allowable values of V - and V + . 

Note 2: All typical values measured at T A - 25°C with Vcc = 5.0 volts, V = -25 volts, V + = 0 volts. 
Note 3: Transition time measured from time V||\j = 50% value until Vquj has reached 80% of 
final value. 


Allowable Values for V and V + 


Maximum Power Dissipation 




0 25 50 75 100 125 150 

TEMPERATURE (“0 
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Mos Clock Drivers 


MH0009/MH0009C dc coupled two phase MOS clock driver 


general description 

The MH0009/MH0009C is high speed, DC coupled, 
dual MOS clock driver designed to operate in 
conjunction with high speed line drivers such as 
the DM8830, DM7440, or DM7093. The transition 
from TTL/DTL to MOS logic level is accomplished 
by PNP input transistors which also assure accurate 
control of the output pulse width. 


features 

■ DC logically controlled operation 

■ Output Swings - to 30V 

■ Output Currents — in excess of ±500 mA 

■ High rep rate — in excess of 2 MHz 

■ Low standby power 


schematic and connection diagrams 



typical application 


12- Lead TO-8 Package 

4>, INPUT A 



V + = +5.0V 
V- V + -12V 

Order Number MH0009G 
or MH0009CG 
See Package 6 
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MH0009/MH0009C 



MH0009/MH0009C 


absolute maximum ratings 

V - Supply Voltage: Differential (Pin 5 to Pin 3) or 
(Pin 5 to Pin 7) 

V + Supply Voltage: Differential (Pin 1 1 to Pin 5) 
Input Current: (Pin 2, 4, 6 or 8) 

Peak Output Current 

Power Dissipation (Note 2 and Figure 2) 

Storage Temperature 
Operating Temperature: MH0009 
MH0009C 

Lead Temperature (Soldering, 10 Sec.) 


electrical characteristics (Note i) 


-40V 
30V 
±75 mA 
±500 mA 
1.5W 

-65°C to ±1 50° C 
-55°C to +125°C 
0°C to 85°C 
300° C 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

toN 

C, N = .0022 juF 

C L = .001 pF 


10 

35 

ns 

f rise 

C|N = .0022 pF 

C L = .001 pF 


40 

50 

ns 

Pulse Width (50% to 50%) 

C, N = .0022 pF 

C L = .001 pF 

340 

400 

440 

ns 

Vail 

C, N = .0022 pF 

C L = .001 pF 


80 

120 

ns 

^delay 

Vin = 000 pF 

C L = 200 pF 


10 


ns 

Vise 

C, N = 600 pF 

C L = 200 pF 


15 


ns 

Pulse Width (50% to 50%) 

C, N = 600 pF 

C L = 200 pF 

40 

70 

120 

ns 

Vail 

C, N = 600 pF 

C L - 200 pF 


40 


ns 


Note 1: Characteristics apply for circuit of Figure 1. With V~ = -20 volts; V = 0 volts; V^C = 5.0 
volts. Minimum and maximum limits apply from -55°C to +125°C for the MH0009 and from 0°C to 
+85°C for the MH0009C. Typical values are for = 25°C. 

Note 2: Transient power is given by P = ±C|_ (V + - V - )^ watts, where, f = repetition rate, C|_ = load 
capacitance, and (V + - V - ) = output swing. 

Note 3: For typical performance data see the MH0013/MH0013C data sheet. 



0 25 50 75 100 125 150 

TEMPERATURE (T) 

FIGURE 2. Maximum Power Dissipation 
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Mos Clock Drivers 


MH0012/MH0012C high speed MOS clock driver 


general description 

The MH0Q12/MH0012C is a high performance 
clock driver that is designed to be driven by the 
DM 7830/DM 8830 or other line drivers or buffers 
with high output current capability. It will pro- 
vide a fixed width pulse suitable for driving MOS 
shift registers and other clocked MOS devices. 


features 

■ High output voltage swings— 12 to 30 volts 

■ High output current drive capability— 1000 mA 
peak 

■ High repetition rate— 10 MHz at 18 volts into 
100 pF 

■ Low standby power-less than 30 mW 


schematic and connection diagrams 



typical application (ac test circuit) 


timing diagram 
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MH0012/MH0012C 



MH0012/MH0012C 


absolute maximum ratings 

1.5W 

-65 C to O50°C 
-55 'C to H25°C 
0 C to +85°C 
300°C 

dc electrical characteristics (Note n 


V Supply Voltage: Differential (Pin 

1 or 2 to 


Maximum Output Load- See Figure 2 

Pm 5) 


-40V 

Power Dissipation - See Figure 1 

V + Supply Voltage: Differential (Pin 8 or 9 


Storage Temperature 

to Pin 1 or 2) 


30V 

Operating Temperature: MH0012 

Input Current: (Pin 3 or 7) 


*75 mA 

MH0012C 

Peak Output Current 


'1000mA 

Lead Temperature (Soldering, 10 sec) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Logic "1" Input Voltage 
(Pins 7 and 3) 

v‘ - V~ - 20V, V OUT <V‘ * 2 V 


10 

2.0 

V 

Logic "0" Input Voltage 
(Pins 7 and 3) 

V' - V' - 20V, Vqut > v * - 15V 

0.4 

0.6 


V 

Logic ”1" Output Voltage 

V' - V“ = 20V, l OUT - 1mA, 
V tN = 2.0V 


V *1.0 

V' + 2.0 

V 

Logic "0“ Output Voltage 

V' - V' = 20V, l OUT - - 1mA, 
V in = 0.4V 

V* - 1.5 

V 4 - 0.7 


• v 

•dc < v ~ Supply) 

V* - V' = 20V, V tN = 2.0V 


34 

60 

mA 


ac electrical characteristics 


PARAMETER 

CONDITIONS (Note 3) 


1 TYP j 

MAX 

UNITS 

Turn-On Delay (t ON ) 




15 

ns 

Rise Time (t r ) 

V* - V' ' 20V. V cc 5.0V 



10 

ns 

C L - 200 pF, f 1.0 MHz 



Turn-Off Delay (t OFF ) 

T a = 25 C 



50 

ns 

Fall Time (t t ) 




45 

ns 


Note 1: Characteristics apply for circuit of Figure 1 . Min and max limits apply from -55°C to +125°C 
for the MH0012 and from 0°C to +85°C for the MH0012C. Typical values are for T a = 25°C. 

Note 2: Due to the very fast rise and fall times, and the high currents involved, extremely short con- 
nections and good by passing techniques are required. 

Note 3: All conditions apply for each parameter. 



0 25 50 75 100 125 150 175 

AMBIENT TEMPERATURE (°C) 


Maximum Output Load 
vs Voltage Swing vs Rise Times 



0 400 800 1200 1600 

MAXIMUM OUTPUT LOAD (pF) 


Figure 1. 


Figure 2. 


Rise and Fall Times vs 



200 400 600 800 1000 

LOAD CAPACITANCE, C L (pF) 


applications information 


Power Dissipation Considerations 
The power dissipated by the MH0012 may be 
divided into three areas of operation = ON, OFF 
and switching. The OFF power is approximately 
30 mW and is dissipated by R 2 when Pin 3 is in 
the logic "1" state. The OFF power is neglible and 
will be ignored in the subsequent discussion. The 
ON power is dissipated primarily by Q 3 and R 9 
and is given by: 


p on 


[V tl.rsi + 


(V + -V')2 

R 9 J 


DC 


( 1 ) 


Where: 

DC = Duty Cycle = 


ON Time 

ON Time & OFF Time 


V, N - V BE3 

• in i s given by 5 and equation ( 1 ) 

becomes: 


: 3 )IV'l 


(V + - V - ) 2 

R 9 


DC (2) 


For V IN = 2.5V. V BE3 = 0.7V, V + = OV, V“ = -20V, 
and DC = 20%, P ON = 200 mW. 


The transient power incurred during switching is 
given by: 

P AC = (V + - V ') 2 C L f (3) 

For V + = OV, V = -20V, C L = 200 pF, and 
f = 5.0 MHz, P AC = 400 mW. 

The total power is given by: 

p t = Pag + Pon (4) 

P T ^ P M ax 

For the above example, P T = 600 mW. 
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Mos Clock Drivers 


MH0013/MH0013C two phase MOS clock driver 


general description 

The MH001 3/MH0013C is a general purpose clock 
driver that is designed to be driven by DTL or 
TTL line drivers or buffers with high output cur- 
rent capability. It will provide fixed width clock 
pulses for both high threshold and low threshold 
MOS devices. Two external input coupling capa- 
citors set the pulse width maximum, below which 
the output pulse width will closely follow the 
input pulse width or logic control of output pulse 
width may be obtained by using larger value input 
capacitors and no input resistors. 


features 

■ High Output Voltage Swings-up to 30V 

■ High Output Current Drive Capability— up to 
500 mA 

■ High Repetition Rate— up to 5.0 MHz 

■ Pin Compatible with the MH0009/MH0009C 

■ "Zero" Quiescent Power 


schematic and connection diagrams 



typical applications 


12 Lead TO-8 Package 



TOP VIEW 

Order Number MH0013G or MH0013CG 
See Package 6 



!j if 


OUTPUT 
PULSE — 


if 
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MH0013/MH0013C 



MH0013/MH0013C 


absolute maximum ratings 


(V - V~) Voltage Differential 
Input Current (Pin 2, 4, 6 or 8) 
Peak Output Current 
Power Dissipation (Figure 7) 
Storage Temperature 
Operating Temperature MH0013 
MH0013C 


30V 
±75 mA 
±600 mA 
1.5W 

-65° C to +1 50° C 
-55° C to ±1 25° C 
0°C to +85° C 


Lead Temperature (Soldering, 10 sec 1/16" from Case) 


300 C 


electrical characteristics (Note I and Figure 8) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Logical "0“ Output Voltage 

Iout = -50 mA l, N - 1.0 mA 

V’ - 3.0 

V* - 1.0 


V 


1 o u t = -10mA 1 1 jsj “ 1.0mA 


V + - 0.7 

V f -0.5 

V 

Logical "1 " Output Voltage 

l OUT = 50 mA l| N = 10 mA 


V + 1.5 

V' + 2.0 

V 






V 

Power Supply Leakage Current 

(V* - V") = 30V 


1.0 

100 

pA 


Iq u t = 1 1 n = 0 m A 





Negative Input Voltage Clamp 

l IN = - 10mA 

V' - 1.2 

V" - 0.8 


V 

l d ON 



20 

35 

ns 

W 



35 

50 

ns 


C| N = 0.0022 pF 





tdOFF (Note 2) 

R, n = 0f2 


30 

60 

ns 

tfali (Note 2) 

C L = 0.001 pF 

40 

50 

80 

ns 

t fa „ (Note 3) 


40 

70 

120 

ns 

Pulse Width (50% to 50%) (Note 3) 


340 

420 

490 

ns 

tr.se 

C IN = 500 pF 


15 


ns 

tf all 

r in = on 


20 


ns 

Pulse Width (50% to 50%) (Note 3) 

C L = 200 pF 


110 


ns 

Positive Output Voltage Swing 



V + - 0.7V 


V 

Negative Output Voltage Swing 



V' + 0.7 V 


V 


Note 1: Min/Max limits apply over guaranteed operating temperature range of -55°C to +l25°Cfor 
MH0013 and 0°C to +85°C for MH0013C, with V = -20V and V + - 0V unless otherwise specified. 
Typical values are for 25°C. 

Note 2: Parameter values apply for clock pulse width determined by input pulse width. 

Note 3: Parameter values apply for input pulse width greater than output clock pulse width. 


TABLE I. Typical Drive Capability of One Half MH0013 at 70°C Ambient 


<v 3 - V 2 ) 
VOLTS 

FREQUENCY 

MHz 

PULSE WIDTH 

TYPICAL R, n 

il 

TYPICAL C, N 
pF 

OUTPUT DRIVE 
CAPABILITY IN pF 1 

RISE TIME 
LIMIT ns 2 

28 





50 


20 

4.0 

100 

0 

750 

200 

7 

16 





350 

10 

28 





100 

5 

20 

2.0 

200 

10 

1600 

400 

14 

16 





700 

19 

28 





400 

19 

20 

1.0 

200 

0 

2300 

1000 

34 

16 





1700 

45 

28 





2800 

130 

20 

0.5 

500 

10 

4000 

5500 

183 

16 





9300 

248 


Note 1 : Output load is the maximum load that can be driven at 70°C without exceeding the package 
rating under the given conditions. 

Note 2: The rise time given is the minimum that can be used without exceeding the peak transient 
output current for the full rated output load. 


circuit operation 

Input current forced into the base of Q1 through 
the coupling capacitor C )N causes Q1 to be driven 
into saturation, swinging the output to 
V~ + V CE (SAT) + V DIODE . 

When the input current has decayed, or has been 
switched, such that Q1 turns off, Q2 receives base 


drive through R2, turning Q2 on. This supplies 
current to the load and the output swings positive 
to V + — V BE . 

It may be noted that Q1 always switches off 
before Q2 begins to supply current; hence, high 
internal transient currents from V + to V~ cannot 
occur. 
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typical performance characteristics 


FIGURE 1. Output Load vs Voltage 



1000 2000 3000 

MAXIMUM OUTPUT LOAD (pF) 


FIGURE 2. Transient Power vs Rep. 



• 0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 


REPETITION RATE (MHz) 


FIGURE 3. Transient Power vs Rep. 



0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 

REPETITION RATE (MHz) 


FIGURE 4. Average Internal Power vs 
Output Swing vs Duty Cycle 



100 200 300 400 


FIGURE 5. Typical Clock Pulse Variations FIGURE 6. R | fsj vs C||*j vs Pulse Width 
vs Ambient Temperature 




100 200 300 400 


AVERAGE POWER (mW) 


AMBIENT TEMPERATURE ( C) 


PULSE WIDTH (ns) 



0 25 50 75 100 125 150 175 

AMBIENT TEMPERATURE (°C) 


ac test circuit 


timing diagram 



Figure 8 




MH0013/MH0013C 


pulse width 


Maximum output pulse width is a function of the 
input driver characteristics and the coupling 
capacitance and resistance. After being turned on, 
the input current must fall from its initial value 
| 1N peak to below the input threshold current 
l )N m j n =* V be /R 1 for the clock driver to turn 
off. For example, referring to the test circuit of 
Figure 8, the output pulse width, 50% to 50%, is 
given by 

1 , 

P w OUT — 2 '*rise f tfall' 

I in peak 

+ R 0 C, n In — — — -400 ns. 

I I n min 

For operation with the input pulse shorter than 
the above maximum pulse width, the output pulse 
width will be directly determined by the input 
pulse width. 

P w OUT = P W IN + OFF + tdON + 2 ^fall + Vise) 


Typical maximum pulse width for various C IN and 
R, n values are given in Figure 6. 

fan-out calculation 


The drive capability of the MH0013 is a function 
of system requirements, i.e., speed, ambient tem- 
perature, voltage swing, drive circuitry, and stray 
wiring capacity. 

The following equations cover the necessary calcu- 
lations to enable the fan-out to be calculated for 
any system condition. Some typical fan-outs for 
conditions are given in Table 1 . 


Transient Current 

The maximum peak output current of the MH0013 
is given as 600 mA. Average transient current re- 
quired from the driver can be calculated from: 

C L (V + - V~) 


I 


Tr 


( 1 ) 


This can give a maximum limit to the load. 

Figure 1 shows maximum voltage swing and 
capacitive load for various rise times. 


1 . Transien t Output Po wer 

The average transient power (P AC ) dissipated is 
equal to the energy needed to charge and discharge 
the output capacitive load (C L ) multiplied by the 
frequency of operation (F). 

Pac = C l x (V + - V"| 2 x F (2) 

Figures 2 and 3 show transient power for two dif- 
ferent values of (V + - V ) versus output load and 
frequency. 


2. Internal Power 
"i 0 " State 

Negligible (<3 mW) 

"1" State 

(V + - V“) 2 

P,nt = 5 x Duty Cycle. 


(3) 


Figure 4 gives various values of internal power 
versus ouptut voltage and duty cycle. 

3. Input Power 

The average input power is a function of the input 
current and duty cycle. Due to input voltage 
clamping, this power contribution is small and can 
therefore be neglected. At maximum duty cycle of 
50%, at 25° C, the average input power is less than 
10 mW per phase for R, N C| N controlled pulse 
widths. For pulse widths much shorter than 
Ri N C| N , and maximum duty cycle of 50%, input 
power could be as high as 30 mW, since I , N peak is 
maintained for the full duration of the pulse 
width. 

4. Package Power Dissipation 

Total Average Power - Transient Output Power + 
Internal Power + Input 
Power 


Typical Example Calculation for One Half 
MH0013C 

How many MM506 shift registers can be driven by 
an MH0013C driver at 1 MHz using a clock pulse 
width of 400 ns, rise time 30-50 ns and 16 volts 
amplitude over the temperature range 0-70°C? 

Power Dissipation 

From the graph of power dissipation versus tem- 
perature, Figure 7, it can be seen that an 
MH0013C at 70°C can dissipate 1W without a heat 
sink; therefore, each half can dissipate 500 mW. 

Transient Peak Current Limitation 
From Figure 1 (equation 1), it can be seen that 
at 16V and 30 ns, the maximum load that can be 
driven is limited to 1 1 40 pF . 

Average Internal Power 

Figure 4 (equation 3) gives an average power of 
1 02 mW at 1 6 V 40% duty cycle. 

Input power will be a maximum of 8 mW. 

Transient Output Power 
For one half of the MH0013C 
500 mW - 102 mW + 8 mW 

+ transient output power 
390 mW = transient output power 
Using Figure 2 (equation 2) at 16V, 1 MHz and 
390 mW, each half of the MH0013C can drive a 
1520 pF load. This is, however, in excess of the 
load derived from the transient current limitation 
(Figure 1, equation 1), and so a maximum load 
of 1140 pF would prevail. 

From the data sheet for the MM506, the average 
clock pulse load is 80 pF. Therefore the number 

, , . , .1140 

of devices driven is ^ or 14 registers. 

For nonsymmetrical clock widths, drive capability 
is improved. 
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Mos Clock Drivers 


MH0025/MH0025C two phase MOS clock driver 


general description 

The MH0025/MH0025C is monolithic, low cost, 
two phase MOS clock driver that is designed to be 
driven by TTL/DTL line drivers or buffers such as 
the DM932, DM8830, or DM7440. Two input 
coupling capacitors are used to perform the level 
shift from TTL/DTL to MOS logic levels. Optimum 
performance in turn-off delay and fall time are 
obtained when the output pulse is logically con- 
trolled by the input. However, output pulse widths 
may be set by selection of the input capacitors 
eliminating the need for tight input pulse control. 


features 

■ 8-lead TO-5 or 8-lead dual-in-line package 

■ High Output Voltage Swings-up to 30V 

■ High Output Current Drive Capability— up to 
1.5A 

■ Rep. Rate: 1.0 MHz into > 1000 pF 

■ Driven by DM932, DM8830, DM7440(SN7440) 

■ "Zero” Quiescent Power 


connection diagrams 

Metal Can Package 
V" 



Note: Pin 4 connected to case. 

TOP VIEW 

Order Number MH0025H or MH0025CH 
See Package 9 


Dual-1 n-Line Package 



Order Number MH0025CN 
See Package 15 


typical application 



ac test circuit 


timing diagram 
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MH0025/MH0025C 





MH0025/MH0025C 


applications information 


Circuit Operation 

input current forced into the base of Qi through the 
coupling capacitor C !N causes to be driven into 
saturation, swinging the output to V~ + V CE (sat) + 

^Diode- 

When the input current has decayed, or has been 
switched, such that turns off, Q 2 receives base 
drive through R 2 , turning Q 2 on. This supplies 
current to the load and the output swinqs positive 
to V + - V BE . 

It may be noted that Oh must switch off before 
Q 2 begins to supply current, hence high internal 
transients currents form V~ to V + cannot occur. 



FIGURE 1. MH0025 Schematic (One-Half Circuit) 


Fan Out Calculation 

The drive capability of the MH0025 is a function 
of system requirements, i.e. speed, ambient tem- 
perature, voltage swing, drive circuitry, and stray 
wiring capacity. 

The following equations cover the necessary cal- 


example calculation 


How many MM506 shift registers can be driven by 
an MH0025CN driver at 1 MHz using a clock pulse 
width of 200 ns, rise time 30-50 ns and 16V am- 
plitude over the temperature range 0-70°C? 

Power Dissipation: 

At 70°C the MH0025CN can dissipate 630 mW 
when soldered into printed circuit board. 

Transient Peak Current Limitation: 

From equation (1), it can be seen that at 16V and 
30 ns, the maximum load that can be driven is 
limited to 2800 pF. 

Average Internal Power: 

Equation (3), gives an average power of 50 mW at 
16V and a 20% duty cycle. 


culations to enable the fan-out to be calculated 
for any system condition. 

Transient Current 

The maximum peak output current of the MH0025 
is given as 1.5A. Average transient current required 
from the driver can be calculated from: 


Typical rise times into 1000 pF load is 25 ns 
For V + - V" = 20V, I = 0.8A. 

Transient Output Power 

The average transient power (P ac ) dissipated, is 
equal to the energy needed to charge and discharge 
the output capacitive load (C L ) multiplied by the 
frequency of operation (f). 

Pac = C l x (V + -V-) 2 xf (2) 

For V + - V' = 20V, f = 1.0 MHz, C L = 1000 pF, 
P AC = 400 mW. 

Internal Power 

“0" State Negligible «3 mW) 

“1 " State 

(V + - V') 2 

Pint = ^ x Dut V Cycle (3) 

- 80 mW for V + - V~ = 20V, DC = 20% 

Package Power Dissipation 

Total average power = transient output power + 
internal power 


For one half of the MH0025C, 630 mW -r 2 can be 
dissipated. 

315 mW = 50 mW + transient output power 

265 mW = transient output power 

Using equation (2) at 16V, 1 MHz and 250 mW, 
each half of the MH0025CN can drive a 975 pF 
load. This is, less than the load imposed by the 
transient current limitation of equation (1) and 
so a maximum load of 975 pF would prevail. 

From the data sheet for the MM506, the average 
clock pulse load is 80 pF. Therefore the number 
975 

of devices driven is -qq- or 12 registers. 
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absolute maximum ratings 

(V + - V - ) Voltage Differential 30V 

Input Current 100mA 

Peak Output Current 1.5A 

Power Dissipation See Curves 

Storage Temperature -65°C to +150°C 

Operating Temperature MH0025 -55°C to +125°C 

MH0025C 0°C to +85° C 

Lead Temperature (Soldering, 10 sec) 300°C 

electrical characteristics (Note 1 ) See test circuit. 

PARAMETER I CONDITIONS I MIN 


CONDITIONS 

MIN 

TYP 

MAX 





15 

30 


C| N - .001 uF 



25 

50 


G 

o 

ii 

2 

cr 





30 

60 


C L - .001 juF 


60 

90 

120 




100 

150 

250 

J 




500 


V 

N = OV, loUT = 

mA 

< 

i 

b 

V + -0.7V 


*IN 

= 10 mA, Iqut = 

1 mA 


V + 0.7V 

V"+ 1.5V 


T fa n (Note 2) 

T f a „ (Note 3) 

P.W. (50% to 50%) (Note 3) 


Note 1. Min/Max limits apply across the guaranteed operating temperature range of -55 C to + 125 C 
for MH0025 and 0°C to 85°C for MH0025C. Typical values are for +25°C. 

Note 2. Parameter values apply for dock pulse width determined by input pulse width. 

Note 3. Parameter values apply for input pulse width greater than output clock pulse width. 


typical performance 

Package Power Derating 


— 

■MH0025H &MH0Q25CH STILL AIR 

MH0025CN SOLDERED INTO PC 
BOARD WITH 8 Cu CONDUCTORS 
2 0Z. .03 IN. WIDE 

1 1 1 l J 1 


-- 

& 


— 


— 

— 




nI 

V 





















-25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 


Transient Power vs Rep. Rate 

I C L - 2000 pf . II r', innn'.c I 



.5 1.0 1.5 2.0 

PULSE REPETITION RATE (MHz) 

p AC = (V + -V-) 2 fC u 


DC Power (Ppc) vs Duty Cycle 



r - 

r = ; 

o v/ 





/ 




/ 


A 



j 

LZ 




/ 

f 

d 


fy 

r 

> 



~1 

5 









Maximum Load Capacitance 


Output P.W. Controlled by C||\| 



0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 
FREQUENCY (MHz) 

, (Pmax) (1k)-(V + -V-) 2 (PC) ^ (Ip,,) (t r ) 

(f) (Ik) (V* - V*) 2 V + -V~ 



200 600 1000 1400 1800 2200 

C 1N (pF) 


MH0025/MH0025C 




MH0026/MH0026C 



MH0026/MH0026C 5 MHz two 
general description 

The MH0026/MH0026C is a low cost monolithic 
high speed two phase MOS clock driver and inter- 
face circuit. Unique circuit design along with 
advanced processing provide both very high speed 
operation and the ability to drive large capacitive 
loads. The device accepts standard TTL/DTL out- 
puts and converts them to MOS logic levels. It may 
be driven from standard 54/74 series gates and 
flip-flops or from drivers such as the DM8830 or 
DM7440. The MH0026 is intended for applications 
in which the output pulse width is logically con- 
trolled: i.e., the output pulse width is equal to the 
input pulse width. 

features 

■ Fast rise and fall times-20 ns with 1 000 pF load 

■ High output swing— 20V 

■ High output current drive— ±1.5 amps 

■ TTL/DTL compatible inputs 

■ High rep rate-5 to 10 MHz depending on load 


Mos Clock Drivers 


phase MOS clock driver 


■ Low power consumption in MOS "0" state— 
2 mW 

■ Drives to 0.4V of GND for RAM address drive 


The MH0026 is intended to fulfill a wide variety of 
MOS interface requirements. As a MOS clock driver 
for long silicon gate shift registers, a single device 
can drive over 10k bits at 5 MHz. Six devices pro- 
vide input address and precharge drive for a 8k by 
16 bit MM1 103 RAM memory system. Information 
on the correct usage of the MH0026 in these as well 
as other systems is included in the application sec- 
tion starting on page 5. A thorough understanding 
of its usage will insure optimum performance of the 
device. 

The device is available in 8-lead TO-5, one watt 
copper lead frame 8-pin mini-DIP, and one and a 
half watt TO 8 packages. 


schematic and connection diagrams 

(1/2 of Circuit Shown) 



Molded DuaMn-Line Package 


Cavity Dual-ln-Line Package 



-5 OUTPUT B 


Order Number MH0026CN 
See Package 15 



Order Number MH0026J or MH0026CJ 
See Package 13 


Flat Package 



TOP VEIW 


Order Number MH0026F or MH0026CF 
See Package 3 

TO-99 Metal Can Package 



TOP VIEW 


Order Number MH0026H 
or MH0026CH 
See Package 9 


TO-8 Metal Can Package 



Order Number MH0026G 
or MH0026CG 
See Package 6 
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absolute maximum ratings 

V + — V* Differential Voltage 22 V 

Input Current 100mA 

Input Voltage (V, N - V") 5.5V 

Peak Output Current 1.5A 

Power Dissipation See curves 

Operating Temperature Range MH0026 -55°C to +125° C 

MH0026C 0°C to 85° C 

Storage Temperature Range -65°C to +150° C 

Lead Temperature (Soldering, 10 sec) 300°C 

dc electrical characteristics (Notes i& 2) 


PARAMETER 

CONDITIONS 

LIMITS 

UNITS 

MIN 

TYP 

MAX 

Logic "1" Input Voltage 

Vout = V' + I.OV 

2.5 

1.5 


V 

Logic "1” Input Current 

V 1N - V" = 2.5V, V OU T = V + 1 ,0 V 


10 

15 

mA 

Logic "0" Input Voltage 

Vqut = V + - 1.0V 


0.6 

0.4 

V 

Logic "0” Input Current 

V,N - v“ = 0V, Vout = V + - 1 .0V 


-0.005 

-10 

a*a 

Logic "0" Output Voltage 

V + = +5.QV, V - = -12.0V 
V.n =-11-6 

4.0 

4.3 


V 

Logic "0" Output Voltage 

V IN - V = 0.4V 

V + - 1 .0 

V + -0.7 


V 

Logic "1" Output Voltage 

V + = +5.0V, V' = -12.0V 
V, N = -9.5V 


-11.5 

-11.0 

V 

Logic ”1" Output Voltage 

V IN - V~ = 2.5V 


V" + 0.5 

V'+ 1.0 

V 

"ON” Supply Current 

V + - V" = 20V, V IN - V" = 2.5V 


30 

40 

mA 

"OFF" Supply Current 

V + - V" = 20V, V, N - V" = 0.0V 


10 

100 

/iA 

ac electrical characteristics (Notes i & 2 , ac test circuit, t a = 25°c) 

Turn-On Delay (t 0 r\j) 


5.0 

7.5 

12 

ns 

Turn-Off Delay (to p f ) 


5.0 

12 

15 

ns 

Rise time (t r ) — Note 3 

V + - V" = 17V, C L = 250 pF 


12 


ns 


V + - V~ = 17 V, C L = 500 pF 


15 

18 

ns 


C L = 1000 pF 


20 

35 

ns 

Falltime (t f ) - Note 3 

V + - V = 17 V, C L - 250 pF 


10 


ns 


V + - V“ - 17V, C L - 500 pF 


12 

16 

ns 


C L = 1000 pF 


17 

25 

ns 


Note 1: These specifications apply for V + - V = 10V to 20V, C|_ = 1000 pF, over the temperature range ~55°C to + 125° C 
for the MH0026 and 0°C to +85° C for the MH0026C, unless otherwise specified. 

Note 2: All typical values for the = 25°C. 

Note 3: Rise and fall time are given for MOS logic levels; i.e., rise time is transistion from logic "0" to logic ”1 " which is voltage 
fall. See waveforms on the following pages. 


ac test circuit 



switching time 
waveforms 
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MH 0026 /MH 0026 C 



M H 0026/M H0026C 


typical performance characteristics 


TO-5 & DIP Power Ratings 



0 25 50 75 100 125 150 


TO-8 Package Power Rating 


MH0026G AND MH0026CG IN | 
STILL AIR WITH CUP ON 
" HEAT SINK (THERMALLOY 
TYPE 215-1.9 OR EQUIV.) 



25 50 75 100 125 150 
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Transient Power (P/\c^ vs 
Frequency 
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Supply Current vs Temperature 
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0 200 400 600 800 1000 1200 

LOAD CAPACITANCE (pF) 
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Turn-On & Turn-Off Time 
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DC Power (Pqq) vs 
Duty Cycle 
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Input Current vs Input Voltage 


T A = 25 C 
- V + = 20V 

v=ov 



0.5 1.0 1.5 2.0 2.5 

INPUT VOLTAGE (V) 


Optimum Input Capacitance vs 
Output Pulse Width 


V + - V ~ = 20V 


C L = 1000 pF 
T a =25°C 



200 400 600 800 1000 1200 


INPUT CAPACITANCE, C IN (pF) 


Fall Time vs T emperature 
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typical applications (cont.) 



DC Coupled RAM Memory Address or Precharge 
Driver (Positive Supply Only) 



Precharge Driver for MOS RAM Memories 
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application information 

1.0 Introduction 

The MH0026 is capable of delivering 30 watts 
peak power (1.5 amps at 20V needed to rapidly 
charge large capacitative loads) while its package is 
limited to the watt range. This section describes 
the operation of the circuit and how to obtain 
optimum system performance. If additional design 
information is required, please contact your local 
National field application engineer. 

2.0 Theory of Operation 

Conventional MOS clock drivers like the MH0013 
and similar devices have relied on the circuit 
configuration in Figure 1. The AC coupling of an 
input pulse allows the device to work over a wide 
range of supplies while the output pulse width 
may be controlled by the time constant - R j X Cj . 



FIGURE 1. Conventional MOS Clock Drive 


D 2 provides 0.7 V of dead-zone thus preventing Qx 
and Q 2 from conducting at the same time. In 
order to drive large capacitive loads, Qi and Q 2 
are large geometry devices but C ob now limits 
useful output rise time. A high voltage TTL output 
stage (Figure 2) could be used; however, during 
switching until the stored charge is removed from 
Qx , both output devices conduct at the same time. 
This is familiar in TTL with supply line glitches in 
the order of 60 to 100 mA. A clock driver built 
this way would introduce 1.5 amp spikes into the 
supply lines. 



FIGURE 2. Alternate MOS Clock Drive 


Unique circuit design and advanced semiconductor 
processing overcome these clasic problems allow- 
ing the high volume manufacture of a device, the 
MH0026, that delivers 1.5A peak output currents 
with 20ns rise and fall times into lOOOpF loads. In 


a simplified diagram, D x (Figure 3) provides 0.7V 
dead zone so that Q 3 is turned ON for a rising 
input pulse and Q 2 OFF prior to Q] turning ON a 
few nanoseconds later. D 2 prevents zenering of the 
emitter-base junction of Q 2 and provides an initial 
discharge path for the load via Q 3 . During a falling 
input, the stored charge in Q 3 is used beneficially 
to keep Q 3 ON thus preventing Q 2 from conduct- 
ing until Qx is OFF. Qx stored charge is quickly 
discharged by means of common-base transistor 
04 - 

The complete circuit of the MH0026 (see sche- 
matic on page 1) basically makes Darlingtons out 
of each of the transistors in Figure 3. 



FIGURE 3. Simplified MH0026 


When the output of the TTL input element (not 
shown) goes to the logic " 1 " state, current is 
supplied through C )N to the base of Qx and Q 2 
turning them ON, and Q 3 and Q 4 OFF when the 
input voltages reaches 0.7V. Initial discharge of 
the load as well as E-B protection for Q 3 and Q 4 
are provided by D 3 and D 2 . When the input 
voltage reaches about 1.5V, Q 6 and Q 7 begin to 
conduct and the load is rapidly discharged by Q 7 . 
As the input goes low, the input side of C 1N goes 
negative with respect to V - causing Q 8 and Q 9 to 
conduct momentarily to assure rapid turn-off of 
Q 2 and Q 7 respectively. When and Q 2 turn 
OFF, Darlington connected Q 3 and Q 4 rapidly 
charge the load toward V + volts. R 6 assures that 
the output will reach to within one V BE of the 
V + supply. 

The real secret of the device's performance is 
proper selection of transistor geometries and resis- 
tor values so that Q 4 and Q 7 do not conduct at 
the same time while minimizing delay from input 
to output. 

3.0 Power Dissipation Considerations 

There are four considerations in determining 
power dissipations. 

1 . Average DC power 

2. Average AC power 

3. Package and heat sink selection 

4. Remember— 2 drivers per package 
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application information (cont.) 


The total average power dissipated by the MH0026 
is the sum of the DC power and AC transient 
power. The total must be less than given package 
power ratings. 

p = p -f p < p 

r D ISS r AC r DC - r MAX 

Thus for RAM address line applications, package 
type and heat sink technique will limit drive 
capability rather than AC power. 

3.2 AC Transient Power (per driver) 

AC Transient power is given by: 

Since the device dissipates only 2mW with output 
voltage high (MOS logic “0"), the dominating 
factor in average DC power is duty cycle or the 
percent of time in output voltage low state (MOS 
logic "1”). Percent of total power contributed by 
P DC is usually neglible in shift register applications 
where duty cycle is less than 25%. P DC dominates 
in RAM address line driver applications where 
duty cycle can exceed 50%. 

P AC = (V + -V-) 2 XfXC L 

where: f = frequency of operation 

C L = Load capacitance (including all 

strays and wiring) * 

Example 3: (V + = +5V, V~ = - 12V ) 

3.1 DC Power (per driver) 

P AC = 17 X 17 X f(MHz)X 10 6 X 

DC Power is given by: 

C L (nF) X 10" 9 

Poc = (V + -V-)X (l s(Lo „,)X 

P AC = 290mW per MHz per lOOOpF 

ON time 

OFF time— ON time 

or P DC = (Output Low Power) X (Duty Cycle) 
where: Is(low) = Is @ (V + - V ) 

Thus at 5MHz, a lOOOpF load will cause any driver 
to dissipate one and one half watts. For long shift 
registers, a driver with the highest package power 
rating will drive the largest number of bits for the 
lowest cost per bit. 

Example 1 : (V + = +5V, V~ = - 12V ) 

3.3 Package Selection 

a) Duty cycle = 25%, therefore 

p oc = 17VX 40mA X 1 7/20 X 25% 

Power ratings are based on a maximum junction 
rating of 175°C. The following guidelines are 
suggested for package selection. Graphs on page 3 
illustrate derating for various operating tempera- 

P DC = 145mW worst-case, each side 

tures. 

P DC = 109mW typically 

b) Duty cycle = 5% 

P oc = 21mW 

c) See graph on page 3 

3.31 TO-5 ("H") Package: Rated at 600mW still 
air (derate at 4.0mW/°C above 25°C) and 900mW 
with clip on heat sink (derate at 6.0mW/°C above 
25°C). This popular hermetic package is recom- 
mended for small systems. Low cost (about 10#) 
clip-on-heat sink increases driving capability by 
50%. 

The above illustrates that for shift register applica- 
tions, the minimum clock width allowable for the 
given type of shift register should be used in order 
to drive the largest number of registers per clock 
driver. 

Example 2: (V + = +17V, V~ = GND): 
a) Duty cycle = 50% 

3.32 8-Pin ("N") Molded Mini-DIP: Rated at 
600mW still air (derate at 4.0mW/°C above 25°C) 
and 1.0 watt soldered to PC board (derate at 
6.6mW/°C). Constructed with a special copper 
lead frame, this package is recommended for 
medium size commercial systems particularly 
where automatic insertion is used. (Please note for 
prototype work, that this package is only rated at 
600mW when mounted in a socket and not one 
watt until it is soldered down.) 

P DC = 290mW worst-case 
Pq c = 218mW typically 
b) Duty cycle = 100% 

P DC = 580mW 

3.33 TO-8 ("G") Package: Rated at 1.5 watts 
still air (derate at 10mW/°C above 25°C) and 2.3 
watts with clip on heat sink (Wakefield type 
215-1.9 or equivalent— derate at 15mW/°C). 
Selected for its power handling capability and 
moderate cost, this hermetic package will drive 
very large systems at the lowest cost per bit. 
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application information (cont.) 

3.4 Summary— Package Power Considerations 

The maximum capacitative load that the MH0026 
can drive is thus determined by package type, heat 
sink technique, ambient temperature, AC power 
(which is proportional to frequency and capacitive 
load) and DC power (which is principally deter- 
mined by duty cycle). Combining equations pre- 
viously given, the following formula is valid for 
any clock driver with negligible input power and 
negligible power in output high state: 

C. (max in pF) = — — X 
L - n 

P max(mW)( T A>P k g> X R eq ~ < V+ ~ ^ X < Dc > X 
(V^ - V~) 2 X Req X f(MHz) 

or: C L (max in pF) = .5 X 1CT 3 X 

p max (mW) X 500- V s 2 X DcX 10 3 
V s 2 X 500 X f(MH z) 

Where: n = number of drivers per pkg. (2 for 
the MH0026) 

P max(n.wl< T A' P k 9> = Package power 
rating in milliwatts for given package, 
heat sink, and max, ambient tempera- 
ture (See graphs) 

R eq = equivalent internal resistance 

R b , = (V+ - V-)/l s(Low) * 500 ohms (worst 
case over temperature for the MH0026 or 
660 ohms typically) 

V s = (V + - V~) = total supply voltage across 
device 


Dc = Duty Cycle = 

Time in output low state 
Time in output low + Time in output high state 

Table I illustrates MH0026 drive capability under 
various system conditions. 

4.0 Pulse Width Control 

The MH0026 is intended for applications in which 
the input pulse width sets the output pulse width; 
i.e., the output pulse width is logically controlled 
by the input pulse. The output pulse width is given 
by: 

<PW> OU T= <PW) IN +iyi= PW |N +25ns 

Two external input coupling capacitors are re- 
quired to perform the level translation between 
TTL/DTL and MOS logic levels. Selection of the 
capacitor size is determined by the desired output 
pulse width. Minimum delay and optimum per- 
formance is attained when the voltage at the input 
of the MH0026 discharges to just above the 
devices threshold (about 1.5V). If the input is 
allowed to discharge below the threshold, t OFF 
and t f will be degraded. The graph on page 3 
shows optimum values for C| N vs desired output 
pulse width. The value for C tN may be roughly 
predicted by: 

C IN = (2X 10- 3 ) (PW) OUT 

For an output pulse width of 500ns, the optimum 
value for C )N is: 

C |N = (2X 10 -3 )(500 X 1 Q" 9 ) = lOOOpF 


TABLE 1. Worst Case Maximum Drive Capability for MH0026* 


PACKAGE TYPE 

TO-8 WITH 
HEAT SINK 

TO-8 

FREE AIR 

MINI-DIP 
SOLDERED DOWN 

TO-5 AND MINI-DIP 
FREE AIR 

Max. 

Operating 

Frequency 

Max. 

Ambient 

^^.Temp. 

Duty Cycle^ 

60° C 

85° C 

60° C 

85° C 

60° C 

85°C 

60° C 

85° C 

100kHz 

5% 

30 k 

24 k 

19 k 

15 k 

13 k 

10k 

7.5k 

5.8k 

500kHz 

10% 

6.5k 

5.1k 

4.1k 

3.2k 

2.7k 

2k 

1.5k 

1.1k 

1MHz 

20% 

2.9k 

2.2k 

1.8k 

1.4k 

1.1k 

840 

600 

430 

2MHz 

25% 

1.4k 

1.1k 

850 

650 

550 

400 

280 

190 

5MHz 

25% 

620 

470 

380 

290 

240 

170 

120 

80 

10MHz 

25% 

280 

220 

1 

170 

130 

110 

79 

- 

- 


‘Note: Values in pF and assume both sides in use as non-overiaping 2 phase driver; each side operating 
at same frequency and duty cycle with (V + - V~) = 17V. For loads greater than 1200 pF, 
rise and fall times will be limited by output current; see Section 5 0. 
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application information (cont. ) 

5.0 Rise & Fall Time Considerations(Note 3) 

The MH0026's peak output current is limited to 
1.5A. The peak current limitation restricts the 
maximum load capacitance which the device is 
capable of driving and is given by: 

I = C l 3F<1.5A 

The rise time, t r , for various loads may be 
predicted by: 

t r = (AV)(250X 10- 12 +C L .) 

Where: AV = The change in voltage across C L 
= V + - V~ 

C L = The load capacitance 
For V + - V* = 20V, C L = 1000pF, t r is: 

t r £= (20VM250 X 10- 1 2 + 10- 12 ) 

= 25ns 

For small values of C L , equation above predicts 
optimistic values for t r . The graph on page 3 
shows typical rise times for various load capaci- 
tances. 

The output fall time {see Graph) may be predicted 
by: 

t f = 2.2R(C S + C± ) 

h FE + 1 


6.0 Clock Overshoot 

The output waveform of the MH0026 can over- 
shoot. The overshoot is due to finite inductance of 
the clock lines. It occurs on the negative going 
edge when Q 7 saturates, and on the positive edge 
when Q 3 turns OFF as the output goes through 
V -1 " - V be . The problem can be eliminated by 
placing a small series resistor in the ouput of the 
MH0026. The critical valve for R s = 2\/L/C£ where 
L is the self-inductance of the clock line. In 


practice, determination of a value for L is rather 
difficult. However, R s is readily determined emper- 
ically, and values typically range between 10 and 
51 ohms. R s does reduce rise and fall times as 
given by: 

t r = t f -2.2R s C L 


7.0 Clock Line Cross Talk 


At the system level,voltage spikes from 0! may be 
transmitted to 0 2 (and vice-versa) during the 
transition of 0 1 to MOS logic "1”. The spike is 
due to mutual capacitance between clock lines and 
is, in general, aggravated by long clock lines when 
numerous registers are being driven. Transistors 
Q 3 and Q 4 on the 0 2 side of the MH0026 are 
essentially "OFF" when 0 2 is in the MOS logic 
"0" state since only micro amperes are drawn 
from the device. When the spike is coupled to 0 2 , 
the output has to drop at least 2 V BE before Q 3 
and Q 4 come on and pull the output back to V^~. 
A simple method for eliminating or minimizing 
this effect is to add bleed resistors between the 
MH0026 outputs and ground causing a current of 
a few milliamps to flow in Q 4 . When a spike is 
coupled to the clock line Q 4 is already "ON" with 
a finite h fe . The spike is quickly clamped by Q 4 . 
Values for R depend on layout and the number of 
registers being driven and vary typically between 
2k and 1 0k ohms, 

8.0 Power Supply Decoupling 

Power supply decoupling is a widespread and 
accepted practice. Decoupling of V~*~ to V~ supply 
lines with at least 0.1 fir noninductive capacitors 
as close as possible to each MH0026 is strongly 
recommended. This decoupling is necessary 
because otherwise 1.5 ampere currents flow during 
logic transition in order to rapidly charge clock 
lines. 
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Mos Clock Drivers 


MH7803/MH8803 two phase oscillator/clock driver 


general description 

The MH7803 is a self contained two phase 
oscillator/clock driver. It requires no external 
components to generate one of three primary 
oscillator frequencies and pulse widths. Other 
frequencies can easily be obtained by programming 
input voltages. Three sets of outputs are provided: 
damped and un-damped MOS outputs and TTL 
monitor outputs. The MOS outputs easily drive 
500 pF loads with less than 150 ns rise and fall 
times. In addition the outputs have current limiting 
to protect against momentary shorts to the supplies. 

The MH7803 and MH8803 are available in a 14 
lead cavity DIP. The MH8803 is also available in 
a 14 pin molded DIP. 


features 

■ Two phase non-overlapping outputs 

■ No external timing components required 

■ Frequency adjustable from 100 kHz to 500 kHz 

■ Pulse width adjustable from 260 ns to 1.4jus 

■ Damped and un-damped MOS outputs 

■ TTL monitor outputs 


block and connection diagrams 



Vss V OD TEST INHIBIT 


Dual-ln-Line Package 



TOP VIEW 


Order Number MH7803J or MH8803J 
See Package 13 
Order Number MH8803N 
See Package 17 
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absolute maximum ratings 


V SS V DD 

V cc -GND 

Pulse Width Adjust Voltage 
Frequency Adjust Voltage 
Vgs ~ V DD Minimum 
Test and Inhibit Input Voltages 


22 V 
7.0 V 
V ss + 0.5V 
V ss + 0.5V 
14V 
v ss 


Operating Temperature Range 

MH7803 -55°C to +125°C 

MH8803 0°C to +70°C 

Storage Temperature Range -65°C to 4 150 C 

Lead Temperature (Soldering, 10 seconds) 300°C 


electrical characteristics (Notei) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Frequency 

Pin 12 at 17V, T A = 25°C 

300 

500 

600 

kHz 


Pin 12 Open, T A = 25°C 

175 

300 

350 

kHz 


Pin 12 at 0V, T A = 25°C 

60 

100 

150 

kHz 

Frequency Change from 25°C 






MH7803 

Pin 12 at 17V 


±20 

±30 

% 

MH8803 

Pin 12 at 17V 


±10 

±15 

% 

Pulse Width (Note 2) 

Pin 2 at 17V, T A = 25°C 

0.2 

0.26 

0.4 

US 


Pin 2 Open, T A = 25°C 

0.5 

0.75 

1.3 

IIS 


Pin 2 at 0V, T A = 25°C 

1.0 

1.4 

2.6 

IIS 

Pulse Width Change from 25°C 






MH7803 

Pin 2 at 17V 


±20 

±30 

% 

MH8803 

Pin 2 at 17V 


±10 

±15 

% 

MOS V OH 

Ioh = ^100/jA 

< 

1 

V ss -0.8 


V 

MOS V OL 

Iql = 2.0 m A 


V DD +0.1 5 

V dd +0.5 

V 

TTL V OH 

Iqh* = 200pA 

2.4 

3.7 


V 

TTL V OL 






MH7803 

1 o l ~ 2.0 mA 


0.17 

0.3 

V 

MH8803 

Iql = 3.2 mA 


0.2 

0.4 

V 

TTL l os 


3.0 

8.0 

15 

mA 

MOS Output Current Limit 



70 


mA 

'ss 

Pins 2, 12, 13 at OV, and 
Pin 1 at -0.3V 


10 

17 

mA 

lec 

Pins 2, 12, at 0V, and 
Pin 1 at 0.3V 


0.75 

1.1 

mA 

Rd 

MH7803 


7.0 

10 

13 

n 

MH8803 


5.0 

10 

15 

n 

MOS tp , tf 

C L - 500 pF, T a = 25° C 


100 

150 

ns 


C u = 50 pF, T a = 25° C 


20 

30 

ns 


Note 1 : These specifications apply for the MH7803 at Vgs - Vqq = 1 7V ±10% and over — 55° C to +1 25°C; for the MH8803 
at Vgs " Vqd = 1 7V ±5% and over 0°C to +70° C unless otherwise specified. 

Note 2: The duty cycle can not physically exceed 50% at any output. At high frequencies the frequency adjust pin will affect 
the pulse width by limiting the duty cycle to slightly less than 50%. Under this condition the pulse width spec does not apply. 


typical performance characteristics 

Frequency Control Voltage Pulse Width Control Voltage 


Frequency and Pulse Width 
vs Temperature 





FREQUENCY CONTROL VOLTAGE MINUS V DD (V) 


1.0 3.0 5.0 7.0 9.0 11 13 15 17 

PULSE WIDTH CONTROL VOLTAGE MINUS V DD I 


-75 -50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE ( C) 
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typical performance characteristics (con't) 


Frequency and Pulse 
Width vs Vss — V qD 



12 13 14 15 16 17 23 24 25 


Vss-Vdd 


Maximum Package Dissipation 



Total Transient Power 
vs Frequency vs Total C|_ 



0 100 200 300 400 500 600 


FREQUENCY (kHz) 



0 10 20 30 40 50 



0 10 20 30 40 5.0 


DUTY CYCLE (%) 


DUTY CYCLE (%) 


applications information 

TTL MONITOR OUTPUTS 

The TTL outputs are extra functions provided for 
monitor or synchronization applications. In some 
systems these outputs may not be required. For 
these cases the V cc pin may be left open and the 
TTL circuitry power consumption will be virtually 
zero. 

The TTL outputs are slaved to the MOS outputs. 
Thus the TTL outputs start to switch when the 
MOS outputs cross the TTL threshold voltage 
(about 1.5V above ground). Figure 1 depicts the 
effect of different supply voltages on the TTL 
waveform when the MOS outputs are driving 
capacitive loads. 

DAMPED MOS OUTPUTS 

An extra set of MOS outputs provides a 10 ohm 
resistor in series with each output line. These 
resistors give the output pulses an R-C rolloff 
which tends to minimize ringing or peaking 
problems associated with board layout. 



FIGURE 1. 

Typically they perform as follows: 

INHIBIT Input: in the low state prevents pulses 
from being initiated on either phase output. 

High Level Input: 


INHIBIT AND TEST INPUTS 


V | H >V DD +2.0V 


The INHIBIT and TEST inputs are designed to Low Level Input: 

facilitate testing of the device. They were not 

included in the 1C for system use. V DD + 0.2V > V, L >V DD -0.5V 
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applications information (con't) 

TEST Input: in the low state forces a ONE state 

on all outputs. The test input should only be used 
with the INHIBIT input also in the low state. 

High Level: 

V, H >V DD + 8.0V 

Low Level: 

V DD +0.5V>V 1l >V dd 

A pull-up resistor is connected from the TEST 
pin to V gg internally. 

POWER CONSIDERATIONS 

Internal power dissipation is affected by three 
factors: 

• dc power 

• ac power 

• package dissipation capability 

The total average power dissipation is the summa- 
tion of the dc power and ac power. This sum 
must be less than the maximum package dissipa- 
tion capability at the particular operating tempera- 
ture to insure safe operation, i.e.: 

Pdiss = Pac + Poe < P MAX 


Where 

Pac = Pac ttl + Pacmos 

Pag = [(V cc ~ GND) 2 xfxCJ jj L 
+ [(V ss - V DD ) 2 x f x C L ] jy/jQs 

And 

Pdc = (Icc)x(V C c-GND) + (I ss ) 
x (Vss — V dd ) 

for l cc and l ss selected at the appropriate duty 
cycle. 

For practical cases the P AC XTL can be neglected 
as being very small compared to P AC MOS . 

Thus P d iss ' s the sum of the MOS transient 
power (total for both sides of the MH7803) and 
the standby power of the TTL and MOS sections 
of the MH7803. 

DECOUPLING 

It is recommended that each device be decoupled 
with a 0.1,uF capacitor from V ss to V DD . If there 
is noise on the supply lines, better frequency and 
pulse width stability can be obtained by connecting 
a O.OOIjuF capacitor from the frequency control 
pin to V DD and another O.OOIjuF capacitor from 
the pulse width control pin to V DD . 
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MH8808 dual high speed MOS 


clock driver 


general description 

The MH8808 is a high speed dual MOS clock 
driver intended to drive the two phases of a 
memory array of 500 pF per phase at rates up to 
4 MHz. The design includes output current limit- 
ing for controlled rise and fall times, and thermal 
shutdown which protects the chip against exces- 
sive power dissipation or accidental output shorts. 
Two DTL/TTL compatible status outputs monitor 
clock outputs and provide a corresponding TTL 
logic level for status indication. Both direct and 
internally damped outputs are available for each 
phase to suit the particular application. It is ideally 
suited for driving MM5262 2k RAMs. 


features 

■ High Speed: 18 ns typ delay and 20 ns typ rise 
and fall times with 500 pF load 

■ Current limited outputs ±450 mA typ 

■ Direct and damped outputs available 

■ Thermal shutdown protection 

■ TTL compatible status outputs 

■ 1W dissipation capability at 25 U C T A 

■ 16 pin cavity dual-in-line package 

■ Output high level clamped to +5V 


connection diagram 


Duai-ln-Line Package 


DAMPED V 0D DAMPED 

Vss OUT OUT , * OUT OUT NC 



(TTL) (TTL) 

*0 0 NOT CONNECT TO THIS PIN. 


TOP VIEW 

Order Number MH8808J 
See Package 13 
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absolute maximum ratings 


V ss +7V 

Vbb ~ Vqd 26V 

Total Power Dissipation (Note 1) 1W 

Operating Temperature Range 0°C to +70°C 


electrical characteristics 

The following apply for V BB = +7V, V ss = +5V, V DD = -15V, T A = 25°C unless otherwise stated. 


PARAMETER 

CONDITIONS 

MIN 

MAX 

UNITS 

Input Current 

V, N = -9V (Note 2) 


10 

mA 

Output Low Voltage 

l OU T = +1 mA, V IN = -10V 
(Note 2) 

-14 


V 

Output High Voltage 

| QUT = _t mA, V IN = -14V 

4.5 

5.3 

V 

Status "1" Voltage 

I OU t = -250 pA, V INl * -14V 

3 


V 

Status "0" Voltage 

Iqut ~ 20 mA, V|(\j = —10V 
(Note 2) 


0.5 

V 

Output Leakage Current 
Damping Resistor 

V BB * +8.5V, V ss = 5V 
V DD = -17.5V, V OUT = +8.5V 
V| N = open 

4 

100 

pA 

n 

•bb 

V IN - -11.5V 

V ss - +6.5V, V DD - -17.5V 
V BB = +8.5V (Note 2) 


32 

mA 

iss 

V IN $ -11.5V 

V ss = F6.5V. V DD * -17.5V 
V BB * +8.5V (Note 2) 


23 

mA 

' DD 

V IN = -11.5V 

V^ = + 6.5V, V DD = -17.5V 
V BB - +8.5V (Note 2) 


-55 

mA 

Output Rise Time 

C L = 500 pF 


26 

ns 

Output Fall Time 

C L = 500 pF 


26 

ns 

Delay to Negative-Going Output 

C L = 500 pF 

7 

22 

ns 

Delay to Positive-Going Output 

C L - 500 pF 

10 

25 

ns 


Note 1 : Maximum junction temperature is 1 10'C. For operation above 25' C derate at 85' C/W 0 j/\ for still air. 
Note 2: Test only one input high (more positive) at a time. 




Digital Drivers 


DH0006/DH0006C *current driver 


general description 

The DH0006/DH0006C is an integrated high 
voltage, high current driver designed to accept 
standard DTL or TTL logic levels and drive 
a load of up to 400 mA at 28 volts. AND inputs 
are provided along with an Expander connection, 
should additional gating be required. The addition 
of an external capacitor provides control of 
the rise and fall times of the output in order to 
decrease cold lamp surges or to minimize electro- 
magnetic interference if long lines are driven. 

Since one side of the load is normally grounded, 
^Previously called NH0006/NH0006C 


there is less likelihood of false turn-on due to an 
inadvertent short in the drive line. 

features 

■ Operation from a Single +10V to +45V Power 
Supply. 

■ Low Standby Power Dissipation of only 35 mW 
for 28V Power Supply. 

■ 1.5A, 50 ms. Pulse Current Capability. 


schematic and connection diagrams 



typical applications 


Metal Can Package 

OUTPUT 



TOP VIEW 

Order Number DH0006H 
or DH0006CH 
See Package 1 1 


Dual-1 n-Line Package 



See Package 16 


Relay Driver 


Lamp Driver with Expanded Inputs 
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absolute maximum ratings 


Peak Power Supply Voltage (for 0.1 sec) 
Continuous Supply Voltage 
Input Voltage 
Input Extender Current 
Peak Output Current (50 ms On/1 sec Off) 
Operating Temperature 
DH0006 

DH0006C, DH0006CN 

Storage Temperature 


-55°C to +125°C 
0°C to +70°C 
-65°C to +150°C 


electrical characteristics (Note n 


PARAMETER 

CONDITIONS 

MIN 

TYP 
(Note 2) 

MAX 

UNITS 

Logical "1" Input Voltage 

V cc = 45V to 10V 

2.0 



V 

Logical “0" Input Voltage 

V C c = 45V to 10V 



0.8 

V 

Logical "1” Output Voltage 

V cc = 28V, V IN - 2.0V, l OUT = 400 mA 

26.5 

27.0 


V 

Logical "0” Output Voltage 

V cc = 45V, V 1N = 0.8V, R l = 1 K 


.001 

.01 

V 

Logical "1" Output Voltage 

V cc = 10V, V IN = 2.0V, l OUT = 150 mA 

8.8 

9.2 


V 

Logical " 0 " Input Current 

V cc = 45V, V IN = -4V 


-0.8 

-1.0 

mA 

Logical "1" Input Current 

V cc = 45V, V IN = 2.4V 


0.5 

5.0 

pA 


V cc = 45V, V tN = 5.5V 



100 

A 1 A 

"Off" Power Supply Current 

V C c = 45V, V 1N = 0.8V 


1.6 

2.0 

mA 

"On" Power Supply Current 

V CC = 45V, V 1N = 2.0V, l OUT = 0 mA 



8 

mA 

Rise Time 

V cc = 28V, R l = 8212 


0.10 


ps 

Fall Time 

V cc = 28V, R l = 8212 


0.8 


ps 

Ton 

V cc = 28V, R l =8212 


0.26 


ps 

T 0 tf 

V cc = 28V, R l = 8212 


2.2 


ps 


Note 1: Unless otherwise specified, limits shown apply from -55 C to 125 C for DH0006 and 0 C to 
70° C for DH0006C. 

Note 2: Typical values are for 25°C ambient. 

Note 3: Power ratings for the TO-5 based on a maximum junction temperature of +175°C and a (j) j/\ 
of 21 0°C/W. 

Note 4: Power rating for the DH0006CN Molded DIP based on a maximum junction temperature of 
+ 150°C and a thermal resistance of 175°C/W when mounted in a standard DIP socket. 

Note 5: Power rating for the DH0006CN Molded DIP based on a maximum junction temperature of 
+ 150°C and a thermal resistance of 150°C/W when mounted on a 1/16inch thick, epoxy-glass board 
with ten 0.03 inch wide 2 ounce copper conductors. 


switching time waveforms 



'-2 












DH0008/DH0008C 



Digital Drivers 


DH0008/DH 0008 C* 

high voltage, high current driver 

general description 

The DH0008/DH0Q08C is an integrated high volt- 
age, high current driver, designed to accept stan- 
dard DTL or TTL input levels and provide a pulsed 
load of up to 3A from a continuous supply voltage 
up to 45V. AND inputs ore provided with an EX- 
PANDER connection, should additional gating be 
required. 

Since one side of the load is normally grounded, 
there is less likelihood of false turn-on due to an 
inadvertent short in the drive line. 

The high pulse current capability makes the 
DH0008/DH0008C ideal for driving nonlinear 
resistive loads such as incandescent lamps. The 
^Previously called NH0008/NH0008C 


circuit also requires only one power supply for 
circuit functional operation. 

The DH0008 is available in a 10-pin TO-5 package; 
the DH0008C is also available in a 10-pin TO-5, in 
addition to a 10-lead molded dual-in-line package. 

features 

■ Operation from a Single +10V to +45 V Power 
Supply. 

■ Low Standby Power Dissipation of only 35 mW 
for 28V Power Supply. 

■ 3.0A, 50 ms. Pulse Current Capability. 


schematic and connection diagrams 



typical application 


Metal Can Package 



TOP VIEW 


Order Number DH0008H or DH0008CH 
See Package 1 1 


Dual-In-Line Package 


v 1 
2 



10 

OUTPUT 

9 

3 

U_ 

8 

EXPANOEH L. 

INPUT 5 

J 

r 

1 GROUND 

6 

- INPUT 





Order Number DH0008CN 


See Package 16 


Controller for Closed Loop Stepper Motor Switching Sequence 


Step 

A 

B 

c 

D 

1 

1 

0 

1 

0 

2 

1 

0 

0 

1 

3 

0 

1 

0 

1 

4 

0 

1 

1 

0 

1 

1 

0 

1 

0 


To reverse the direction use a 4, 3, 2, 1 
sequence 
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absolute maximum ratings 

Peak Power Supply Voltage (for 0.1 sec) 
Continuous Supply Voltage 
Input Voltage 
Input Extender Current 
Peak Output Current 
(50 msec On/1 sec Off) 

Continuous Output Current 

(See continuous operating curves.) 
Operating Temperature 
DH0008 
DH0008C 

Storage Temperature 


60V 
45V 
5.5V 
5.0 mA 

3.0 Amp 


-55 Cto+125°C 
0°C to +70°C 
-65°C to +150°C 


electrical characteristics (Note i) 


PARAMETER 

CONDITIONS 

MIN 

TYP 
(Note 2) 

MAX 

UNITS 

Logical "1" Input Voltage 

V cc = 45V to 10V 

2.0 



V 

Logical "0" Input Voltage 

V cc = 45V to 10V 



0.8 

V 

Logical "1" Output Voltage 

V cc = 45V, V iN = 2.0V, l OUT = 1 ,6A 
50 ms On/1 sec Off 

43 

43.5 


V 

Logical "0" Output Voltage 

V C c = 4 5V, V IN = 0.8V, R l = 1 K 


0.02 

0.1 

V 

Logical "1" Output Voltage 

V cc = 28V, V IN = 2.0V, Iqut = 0.8A 
50 ms On/1 sec Off 

26.5 

27.1 


V 

Logical "0" Input Current 

V C c = 45V, V IN = 0.4V 


-0.8 

-1.0 

m A 

Logical "1" Input Current 

V CC = 45V, V IN = 2.4V 


0.5 

5.0 

MA 


V CC =45V, V IN = 5.5V 



100 

/jA 

"Off" Power Supply Current 

V cc = 45V, V IN = 0 V 


1.6 

2.0 

m A 

Rise Time 

V cc = 28V, R l = 3917, V 1N = 5.0V 


0.2 


MS 

Fall Time 

V cc = 28V, R l = 3912, V IN = 5.0V 


3.0 


MS 

Ton 

V cc = 28V, R l = 3912, V, N = 5.0V 


0.4 


Vs 

Tqff 

V cc = 28V, R L = 3912, V IN = 5.0V 


7.0 


VS 


Note 1: Unless otherwise specified limits shown apply from -55°C to 125°C for DH0008 and 0°C to 

70° C for DH0008C. 


Note 2: Typical values are 25°C ambient. 

Note 3: Power ratings for the TO-5 based on a maximum junction temperature of + 1 75°C and a 0 JA 
of 210°C/w. 

Note 4: Power ratings for the DH0008CN Molded DIP based on a maximum junction temperature of 
150°C and a thermal resistance of 150°C/w when mounted in a standard DIP socket. 

Note 5: Power ratings for the DH0008CN Molded DIP based on a maximum junction temperature of 
150°C and a thermal resistance of 115°C/w when mounted on a 1/16 inch thick, epoxy-glass board 
with ten 0.03 inch wide 2 ounce copper conductors. 


switching time waveforms 
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DH0008/DH0008C 



DH0008/DH0008C 


typical performance 


Maximum Continuous Output 
Current for TO-5 Package 



Output Saturation Voltage 



OUTPUT CURRENT (A) 



10 20 30 40 50 

SUPPLY VOLTAGE (V) 


Turn ON Control 



TIME <jus) 


Maximum Continuous Output 

Current for Molded DIP Available Output Current 




0 10 20 30 40 50 

SUPPLY VOLTAGE, V cc , (V) 


Input Threshold Voltage 

vs Temperature Logical "0" Input Current 



-50 -25 0 25 50 75 100 125 


AMBIENT TEMPERATURE (°C) 



10 20 30 40 50 

SUPPLY VOLTAGE (V) 


OFF Supply Current Drain 



10 20 30 40 50 

SUPPLY VOLTAGE (V) 



-75 -25 +25 +75 +125 

TEMPERATURE (°C) 


Turn OFF Control 


Turn ON and Rise Time 



TIME M 


700 

600 

„ 500 

Z 400 

s 

300 
200 
100 

-50 -25 0 +25 +50 +75 +100 +125 

TEMPERATURE ( C) 


V cc = 28V 
~ R l = 3917 
_ C L = 10 pF 
V IN = 3.0V P 

' 








JLSE 






LJ 

1 




‘ 



fc— 

URN ON 1 

riME 






...u 

| ; 






RISE TIME 







L_ 
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Digital Drivers 


DH0011*(SH2001) 

DH0011C*(SH2002) 

DH0011CN*(SH2002P) 

high voltage high current drivers 


general description 


The DH001 1 high voltage, high current driver 
family consists of hybrid integrated circuits which 
provide a wide range of variations in temperature 
range, package, and output current drive capa- 
bility. A summary of the variations is listed below. 

^Previously called NH0011, NH0011C, NH0011CN 


Applications include driving lamps, relays, cores, 
and other devices requiring several hundred milli- 
amp currents at voltages up to 40V. Logic flexi- 
bility is provided through a 4-input NAND gate, a 
NOR input and an input which bypasses the gating 
and connects the base of the output transistor. 


logic diagram 



ordering information 


NSC DESIGNATION 

SH DESIGNATION 

PACKAGE 

TEMPERATURE RANGE 

OUTPUT CURRENT 
CAPABILITY 

DH0011H 

SH2001 

11 

-55° C to +125°C 

250 mA 

DH0011CH 

SH2002 

11 

0°C to +70° C 

150 mA 

DH0011CN 

SH2002 P 

16 

0°C to +70°C 

150mA 
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DH0011/DH0011C/DH0011CN 



DH0011/DH0011C/DH0011CN 


absolute maximum ratings 


V cc 8V 

Collector Voltage (Output) 40V 

Input Reverse Current 1 .0 mA 

Power Dissipation 800 mW 

Operating Temperature Range DH0011 -55°C to +125° C 

DH001 1 C/D H 001 1CN 0°C to +70° C 
Storage Temperature -65°Cto150°C 


electrical characteristics 


>T NO. 

PIN 1 

PIN 2 

PIN 3 

PIN 4 

PIN 5 

PIN 6 PIN 7 

1 

V |H 

V IH 

V |H 

V |H 

GND 

GND 

2 

V,L 




GND 

GND 

3 

V| L 




GND 

•oL2 

4 


V, L 



GND 

! OL2 

5 



V | L 


GND 

•oL2 

6 




V, L 

GND 

'0L2 

7 




GND 

GND 

l OL2 

8 

Vr 

GND 

GND 

GND 

GND 


9 

GND 

Vr 

GND 

GND 

GND 


10 

GND 

GND 

Vr 

GND 

GND 


11 

GND 

GND 

GND 

Vr 

GND 


12 





GND 


13 

v F 

V R 

Vr 

Vr 

GND 


14 

Vr 

v F 

V R 

Vr 

GND 


15 

Vr 

V R 

V F 

Vr 

GND 


16 

Vr 

Vr 

V R 

V F 

GND 


17 




GND 

GND 


18 





GND 

GND 

19 

GND 




GND 

GND 

20 





GND 

GND 

21 

GND 




GND 


22* 





GND 


23* 





GND 



PIN 10 SENSE MIN 



*See Test Circuits and Waveforms on Page 4. 


forcing functions (Note i) dhooii 


PARAMETER 

-55° C 

+25° C 

+ 125°C 

UNITS 

V CCL 

4.5 

4.5 

4.5 

V 

VcCH 

5.5 

5.5 

5.5 

V 

Vpo 


5.0 


V 

Vmax 


8.0 


V 

V, L 

1.4 

1.1 

0.8 

V 

V, H 

2.1 

1.9 

1.7 

V 

Vr 

4.0 

4.0 

4.0 

V 

v F 

0.0 

0.0 

0.0 

V 

•OLI 

250 

250 

250 

mA 

'0L2 

8.0 

8.0 

7.5 

mA 

Vox 

40.0 

40.0 

40.0 

V 

Note 1: Temperature Range - 

-55° C to +1 25° C 






forcing functions (Note 2) dhooiic, dhooucn 


■ 

PARAMETER 

0°C 

+25° C 

+70°C 

UNITS 


V CCL 

5.00 

5.0 

5.0 

V 


VcCH 

5.00 

5.0 

5.0 

V 


V PD 


5.0 


V 


V MAX 


8.0 


V 


V, L 

1.20 

1.1 

.95 

V 


V|H 

2.00 

1.9 

1.8 

V 


V R 

4.00 

4.0 

4.0 

V 


V F 

0.45 

0.45 

0.5 

V 


*OL1 

150 

150 

150 

mA 


*OL2 

8.0 

8.0 

7.5 

mA 


Vox 

40.00 

40.0 

40.0 

V 


test limits (Note i) dhooh 

-55° C 

PARAMETER 1— ^ 



+25° C 

+125° C 


MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

0.45 


0.4 


0.45 

V 

0.45 


0.4 


0.45 

V 


2.00 


1.80 


V 



2.0 


5.0 

AiA 

1.60 


1.6 


1.5 

mA 



5.0 


200 

ma 



30.6 



mA 



29.6 



mA 



160 



ns 



220 



ns 


test limits (Note 2) dhooiic, dhooucn 


PARAMETER 


MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

0.45 


0.45 


0.5 

V 

0.45 


0.45 


0.5 

V 


1.95 


1.85 


V 



5.0 


10.0 

PA 

1.40 


1.4 


1.35 

mA 



5.0 


200 

aa 



30.6 



mA 



34.0 



mA 


Note 1 : Temperature Range -55°C to +125°C 
Note 2: Temperature Range 0°C to +70°C 

switching time test circuit 


Typical Switching Times 


DUTY CYCLE = 50% PIN 5, PIN 7 GND .X. .X. 

switching time waveforms 



-50° C 25°C 125°C 

TEMPERATURE <°C) 


DH0011/ DHOOIIC/ DHOOUCN 



DH0016CN,DH0017CN.DH0018CN 


Digital Drivers 


DH0016CN* 
DH0017CN‘(SH2200P) 
DH0018CN # 

high voltage high current drivers 


general description 

This high-voltage, high-current driver family con- 
sists of hybrid integrated circuits which provide a 
wide range of output currents and output voltages. 
Applications include driving lamps, relays, cores, 
and other devices requiring up to 500 mA and 

*Previously called NH0016CN, NH0017CN, NH0018CN 


withstanding voltages up to 100V. Logic flexi- 
bility is provided through a 4-input NAND gate, a 
NOR input and an input which bypasses the gating 
and connects to the base of the output transistor. 



logic diagram 


V C c 



ordering information 


NSC DESIGNATION 

SH DESIGNATION 

PACKAGE 

OUTPUT CHARACTERISTICS 




Maximum Standoff 
Voltage 

Current 

DH0016CN 

N/A 

16 

70V 

250 mA 

DH0017CN 

SH2200P 

16 

50V 

500 mA 

DH0018CN 

N/A 

16 

100V 

500 mA 
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absolute maximum ratings 

Vcc 

Input Voltage 

Collector Voltage DH0016CN 
DH0017CN 
DH0018CN 

Output Surge Current DH0016CN 

DH0017CN & DH0018CN 

Power Dissipation 
Operating Temperature Range 
Storage Temperature 

electrical characteristics 


8V 
8V 
70V 
50V 
100 V 
1.0A 
2.0A 
455mW 
0°C to +70° C 
-65° C to +1 50°C 


TEST 

NO. 

PIN 1 

PIN 2 

PIN 3 

PIN 4 

PIN 5 

PIN 6 

PIN 7 

PIN 8 

PIN 9 

PIN 10 

SENSE 

LIMITS 

MIN 

MAX 

2 

V|H 

V, H 

V| H 

V| H 

GND 


GND 

*OL1 


< 

o 

o 

v 8 


Vqli 

3 

V, L 




GND 


GND 

•OLI 

V, L 

v cc 

V 8 


Vqli 

4 


V, L 



GND 


GND 

1 OL1 

V | L 

< 

o 

o 

V 8 


VoLl 

5 



V, L 


GND 


GND 

*OL1 

V,L 

< 

o 

o 

V 8 


Vqli 

6 




V, L 

GND 


GND 

•oLl 

V, L 

< 

o 

o 

V 8 


Volt 

7 

V,L 




GND 

•oi _2 




< 

o 

o 

V 6 


V 0 L .2 

8 


V| L 



GND 

•oL2 




< 

o 

o 

V 6 


V OL2 

9 



V, L 


GND 

•oL2 




< 

o 

o 

V 6 


Vol2 

10 




V | L 

GND 

•oi _2 




< 

o 

o 

V 6 


Vol2 

11 




GND 

GND 

•oL2 



V, H 

< 

o 

o 

V 6 


VoL 2 

12 

Vr 

GND 

GND 

GND 

GND 





Vcc 

1 1 


•r 

13 

GND 

Vr 

GND 

GND 

GND 





< 

o 

o 

•2 


1r 

14 

GND 

GND 

Vr 

GND 

GND 





< 

o 

o 

*3 


•r 

15 

GND 

GND 

GND 

Vr 

GND 





< 

o 

o 

u 


Ir 

16 





GND 




Vr 

< 

o 

o 

*9 


*R 

17 

v F 

Vr 

V R 

Vr 

GND 





< 

o 

o 

• 1 



18 

Vr 

v F 

Vr 

Vr 

GND 





< 

o 

n 

( 2 


“Ip 

19 

Vr 

Vr 

V F 

Vr 

GND 





< 

o 

o 

•3 


-l F 

20 

Vr 

Vr 

Vr 

v F 

GND 





< 

o 

o 

u 


-Ip 

21 



j 

GND 

GND 




v F 

< 

o 

o 

'9 


-Ip 

22 





GND 


GND 



< 

o 

o 

V 6 

Vqhi 


23 

GND 




GND 

• OL3 

GND 

Vqx 


< 

o 

o 

*8 


hx 

24 





GND 





< 

o 

• 10 


•pD 

25 

GND 




GND 




GND 

Vmax 

ho 


•max 


forcing functions 


SYMBOL 

0 c 

+25C 

+70°C 

UNITS 

v cc 

5.0 

5.0 

5.0 

V 

Vpo 


5.0 


V 

Vmax 


8.0 


V 

v IL 

0.85 

0.85 

0.85 

V 

V | H 

1.9 

1.8 

1.6 

V 

Vr 

4.5 

4.5 

4.5 

V 

v F 

0.45 

0.45 

0.45 

V 

V ox (DH0016CN) 


70 

70 

V 

V ox (DH0017CN) 


50 

50 

V 

V ox (DH0018CN) 


100 

100 

V 

Iqli (DH0017CN, DH0018CN) 

500 

500 

500 

mA 

l OL i (DH0016CN) 

250 

250 

250 

mA 

•OL2 

16 

16 

16 

mA 

• OL3 


8.0 


mA 
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D H 0016 CN,DH0017CN,DH 0018 CN 




DH0016CN , DH0017CN.DH0018CN 


test limits 


SYMBOL 

o°c 

+25°C 

+70°C 

UNITS 

V<DL1 

0.6 

0.6 

0.6 

V 

VoL2 

0.45 

0.45 

0.45 

V 

^OHI 

1.95 

1.85 

1.65 

V 

1 R 


60 

60 

M 

“IF 

1.6 

1.6 

1.6 

mA 

*OX 


5.0 

200 


'pD 


12.2 


mA 

•max 


10 


mA 


Typical Output Voltages vs Temperature Typical Switching Times Iq ~ 250 mA Typical Switching Times Iq = 500 mA 

DH0016CN DH0017CIM, DH0018CN 


r 




| 


; i r i i i i 

_DH0017CN, DH0018CN l c = 

500 mA 



- 

= 

=T= 


— 


— 1 — 1 — 

— DH0016CN l c = 

. 1.1 1 

50 mA — 















□ 





25 50 75 

TEMPERATURE ( C) 



0 25 50 75 

TEMPERATURE ( C) 



0 25 50 75 

TEMPERATURE (°C) 


switching time test circuit 


switching time waveform 


R1 = 200 S 2 (DH0016CN) 
R1 = 100S2 (DH0017CN, 
DH0018CN) 
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Digital Drivers 


DH0028C/DH0028CN*hammer driver 


general description 

The DH0028C/DH0028CN is a high current 
hammer driver designed for utilization in a wide 
variety of printer applications. The device is 
capable of driving 6 amp pulsed loads at duty 
cycles up to 10% (1 ms ON/10 ms OFF). The 
input is DTL/TTL compatible and requires only a 
single voltage supply in the range of 10V to 45V. 


features 

■ Low standby power: 45 mW at V cc - 36V, 
35 mW at V cc - 28 V. 

■ AND input with expander affords logic 
flexibility. 

■ Fast turn-on, typically 200 ns. 


"Previously called NH0028C/NH0028CN 


connection diagrams 


Metal Can Package 


Molded Dual-In-Line Package 



TOP VIEW 

Order Number DH0028CH 
See Package 1 1 



Order Number DH0028CN 


See Package 16 


typical application 


INHIBIT 


COLUMN ONE 
INPUT 


COLUMN TWO 
INPUT 



*Use one decoupling capacitor per six hammer drivers for improved AC noise immunity. 
"‘Zener is used to contiol the dynamics of the hammer. 
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DH0028C/DH0028CN 



DH0028C/DH0028CN 


absolute maximum ratings 

Continuous Supply Voltage 
Instantaneous Peak Supply Voltage 
{Pin 1 to Ground for 0.1 sec) 

Input Voltage 
Expander Input Current 
Peak Output Current (1 ms ON/10 ms OFF) 
Continuous Output Current DH0028C at 25° C 
DH0028CN at 25°C 

Operating Temperature 

Storage Temperature 

Lead Soldering Temperature (10 sec) 


45V 


60V 
5.5 V 


5.0 mA 
6. 5 A 
750 mA 
1000 mA 
0°C to 70°C 
-65°C to +175°C 
300°C 


electrical characteristics (Note d 


PARAMETER 

CONDITIONS 





Logical "1" Input Voltage 

V cc = 10V to 45V 

2.0 



V 

Logical ‘‘CT Input Voltage 

V cc = 10V to 45V 



0.8 

V 

Logical "0” Input Current 

V cc = 45V, V IN - 0.4V 


0.8 

1.0 

m A 

Logical "1" Input Current 

V cc = 45V, V, N - 2.4V 


0.5 

5.0 

pA 


V C c = 45V, V IN -- 5.5V 



100.0 

V A 

Logical "1" Output Voltage 

V cc = 45V. V, N -- 2.0V. 






•out = 1 6A 

43.0 

43.5 


V 


V cc - 36V, V IN 2.0V, 






Iqut = 5A 

33 5 

34.0 


V 


(Note 2) 




* 

Logical "O” Output Voltage 

V cc = 45V, R l = Ik, V 1N = 0 8V 


.020 

100 

V 

OFF Power Supply Current 

V cc 45V, V IN 0.0V 


1.6 

2.0 

mA 

Rise Time (10% to 90%) 

V cc 45V, R l - 39 12 

V IN - 5.0V peak. PRF 1 kHz 


0.2 


ps 

Fall Time (90% to 10%) 

V cc 45V. R l - 3912 

V 1N - 5.0V peak, PRF - 1 kHz 


3.0 


Vs 

Ton 

V cc - 45V, R L = 39S-2 

V 1N = 5.0V peak. PRF - 1 kHz 


0.4 


VS 

Toff 

V cc = 45V. R l = 3912 

V I(SI - 5.0V peak. PRF - 1 kHz 


7.0 


ps 


Note 1 : These specifications apply for ambient temperatures from 0°C to 70°C unless otherwise 
specified. All typical values are for 25°C ambient. 

Note 2: Measurement made at 1 ms ON and 10 ms OFF 

Note 3: Power ratings for the DH0028C are based on a maximum junction temperature of 175°C and 
a thermal resistance of 210°C/W. 

Note 4: Power ratings for the DH0028CN are based on a maximum junction temperature of 175°C 
and a thermal resistance of 150°C/W 

typical performance characteristics 


Waveforms for Typical 
Drum Printer Hammer 



0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 


TIME (ms) 
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IMS 


DH0034/DH0034C high speed 


general description 

The DH0034/DH0034C is a high speed level trans- 
lator suitable for interfacing to MOS or junction 
FET analog switches. It may also be used as a 
universal logic level shifter capable of accepting 
TTL/DTL input levels and shifting to CML, MOS, 
or SLT levels. 


Digital Drivers 


level translator 


features 

■ Fast switching, t pd0 : typically 15 ns; t pd1 : 
typically 35 ns 

■ Large output voltage range: 25V 

■ Input is TTL/DTL compatible 

■ Low output leakage: typically 0.1 /iA 

■ High output currents: up to ±100 mA 


schematic and connection diagrams 


Metal Can Package 


Dual-in-Line Package 


Vcc 




Order Number DH0034H 
or DH0034CH 
See Package 1 1 



Order Number DH0034D 
or DH0034CD 
See Package 1 


typical applications 


5 MHz Analog Switch 



TTL to IBM (SLT) Logic Levels 


5.0 V 
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DH0034/DH0034C 



0H0034/DH0034C 


absolute maximum ratings 







V cc Supply Voltage 



7.0V 




Negative Supply Voltage 


- 

30V 




Positive Supply Voltage 


+25V 




Differential Supply Voltage 



25V 




Maximum Output Current 


100 mA 




Input Voltage 



+5.5V 




Operating Temperature Range: DH0034 

-55° C to +125°C 





DH0034C 

0°C to +85° C 




Storage Temperature Range 

-65° C to +1 50°C 




Lead Temperature (Soldering, 10 sec) 


300° C 




electrical characteristics (See Notes i & 2) 






PARAMETER 

CONDITIONS 

DH0034 

DH0034C 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Logical "1” 

V CC = 4.5V 

2.0 






V 

Input Voltage 

V cc = 4.75V 




2.0 




Logical "0" 

V cc = 5.5V 



0.8 




V 

Input Voltage 

V cc = 4.75V 






0.8 


Logical "1” 

V cc = 5.5V, V IN = 2.4V 



40 




/uA 

Input Current 

V cc = 5.25V, V IN = 2.4V 






40 


Logical "1" 

V cc = 5.5V, V 1N = 5.5V 



1.0 




mA 

Input Current 

V cc = 5.25V, V | isj = 5.5V 






1.0 


Logical "0” 

V cc -5.5V, V 1N = 0.4V 



1.6 




mA 

Input Current 

V cc = 5.25V, V, N - 0.4V 






1.6 


Power Supply 

(Note 3) 








Current 

V cc = 5.5V, V IN - 4.5V 


30 

38 




mA 

Logic "0" 

V cc = 5.25V, V IN - 4.5V 





30 

38 


Power Supply 

(Note 3) 








Current 

V cc = 5.5V, V IN = 0V 


37 

48 




mA 

Logic ”1 " 

V cc = 5.25V, V IN = 0V 





37 

48 


Logical "0“ 

V cc = 4.5V, Iqut = 100 mA 


V + .50 

V- + .75 


V" + .50 

V" + .80 

V 

Output Voltage 

V CC = 4.5V, l OUT = 50 mA 


V" + .3 

V" + .50 


V" + .3 

V + .65 

V 

Output Leakage 

V cc = 5.5V, V IN - 0.8V 


0.1 

5 


0.1 

5 


Current 

V + - V~ = 25V 








Transition Time to 

V cc = 5.0V, V 3 = 0V,T a = 25°C 


15 

25 


15 

35 

ns 

Logical "0" 

V- = -25V, R l =5100 








Transition Time to 

V cc = 5.0V, T a = 25°C 


35 

60 


35 

65 

ns 

Logical "1" 

V = -25V, R l = 510f2 








Note 1: These specifications apply over the temperature range 

-55° C to 

+125°C for the DH0034 



and 0°C to +85° C for the DH0034C with a 510 ohm resistor connected between output and ground. 



and V connected to —25V, unless otherwise specified. 
Note 2: All typical values are for T A = 25°C. 







Note 3: Current measured is total drawn from V cc supply. 
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theory of operation 


When both inputs of the DH0034 are raised to 
logic "1", the input AND gate is turned "on" 
allowing Ql's emitter to become forward biased. 
Q1 provides a level shift and constant output cur- 
rent. The collector current is essentially the same 

V C c — Vbe 

as the emitter which is given by — 

R 1 

Approximately 7.0mA flows out of Ql's col- 
lector. 


applications information 

1. Paralleling the Outputs 

The outputs of the DH0034 may be paralleled to 
increase output drive capability or to accomplish 
the "wire OR". In order to prevent current hog- 
ging by one output transistor or the other, resis- 
tors of 2 ohms/100 mA value should be inserted 
between the emitters of the output transistors and 
the minus supply. 

2. Recommended Output Voltage Swing 

The graph shows boundary conditions which 
govern proper operation of the DH0034. The 
range of operation for the negative supply is 
shown on the X axis and must be between -3V 
and -25V. The allowable range for the positive 
supply is governed by the value chosen for V - . V + 
may be selected by drawing a vertical line through 
the selected value for V~ and terminated by the 


About 2 mA of Ql's collector current is drawn off 
by pull down resistor, R2. The balance, 5 mA, is 
available as base drive to Q2 and to charge its 
associated Miller capacitance. The output is pulled 
to within a V SAT of V“. When either (or both) 
input to the DH0034 is lowered to logic "0," the 
AND gate output drops to 0.2V turning Q1 off. 
Deprived of base drive Q2 rapidly turns off causing 
the output to rise to the V 3 supply voltage. Since 
Q2's emitter operates between 0.6V and 0.2V, the 
speed of the DH0034 is greatly enhanced. 


boundaries of the operating region. For example, a 
value of V" equal to -6V would dictate values of 



-24 -18 -12 -6 0 

NEGATIVE SUPPLY VOLTAGE <-V) 


V‘ f between -5V and +19V. In general, it is de- 
sirable to maintain at least 5V difference between 
the supplies. 
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DH0034/DH0034C 



DH0035/DH0035C 



Digital Drivers 


DH0035/DH0035C PIN diode switch driver 


general description 

The DH0035/DH0035C is a high speed digital 
driver designed to drive PIN diodes in RF modula- 
tors and switches. The device is used in conjunction 
with an input buffer such as the DM 7830/DM 8830 
or DM 5440/DM 7440. 

features 

■ Large output voltage swing — 30V 

" Peak output current in excess of 1 Amp 

■ Inputs TTL/DTL compatible 


■ Short propogation delay — 10 ns 

■ High repetition rate — 5 MHz 

The DH0035/DH0035C is capable of driving a 
variety of PIN diode types including parallel, 
serial, anode grounded and cathode grounded. For 
additional information, see AN-49 PIN Diode 
Drivers. 

The DH0035 is guaranteed over the temperature 
range -55°C to +125°C whereas the DH0035C is 
guaranteed from 0°C to 85°C. 


schematic and connection diagrams 



Metal Can Package 



Order Number DH0035G 
or DH0035CG 
See Package 6 


typical applications 

Grounded Cathode Design 



switching for HP33604A, RF turn-on 25 ns, turn-off 5 ns. C2 = 250 pF, R P = On, Cl = 0.1 F. 
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PARAMETER 

CONDITIONS 

LIMITS 

UNITS 

MIN 

TYP 

MAX 

Input Logic "1” Threshold 

Vout = -8V, R l = 100ft 

1.5 



V 

Input Logic ''O'' Threshold 

Vout = + 8V, R l = 100ft 



0.4 

V 

Positive Output Swing 

Iqut = 100 mA 

7.0 

±8.0 


V 

Negative Output Swing 

Iqut - 100 mA 


-8.0 

-7.0 

V 

Positive Short Circuit Current 

V, N = 0V, R u = Oft 

(Pulse Test; Duty Cycle < 3%) 

400 

800 


mA 

Negative Short Circuit Current 

V IN = 1.5V, l 1N = 50 mA. R l = Oft 
(Pulse Test, Duty Cycle < 3%) 

800 

-1000 


mA 

Turn-On Delay 

V IN = 1.5V, V OUT = -3V 


10 

15 

ns 

Turn-Off Delay 

V IN = 1.5V, V OUT = +3V 


15 

30 

ns 

On Supply Current 

V IN = 1.5V 


45 

60 

mA 


absolute maximum ratings 


V' Supply Voltage Differential (Pin 5 to Pin 1 or 2) 40V 

V + Supply Voltage Differential (Pin 1 or 2 to Pin 8 or 9) 30V 

Input Current (Pin 3 or 7) ±75 mA 

Peak Output Current ±1.0 Amps 

Power Dissipation (Note 3) 1.5W 


electrical characteristics (Notes 1,2) 


Storage Temperature Range -65 C to +150 C 

Operating Temperature Range DH0035 -55°C to +1 25 U C 

DH0035C 0°C to +85° C 

Lead Temperature (Soldering, 10 sec) 300°C 


Note 1: Unless otherwise specified, these specifications apply for V = 10.0V, V = -10.0V, pin 5 
grounded, over the temperature range -55°C to +125°C for the DH0035, and 0°C to 85°C for the 
DH0035C. 

Note 2: All typical values are for Ty\ = 25° C. 

Note 3: Derate linearly at 10 mW/°C for ambient temperatures above 25°C. 


typical applications (cont.) 


Grounded Anode Design 



Note: Anode Grounded PIN diode: R M = S6i2 limits diode forward current to 100 mA. Typical 
switching for HP33622A, RF turn on 5 ns; turn off 4 ns. Cl = 470 pF, C2 = 0.1 fiF, R M = Ofi. 

Alternate Current Limiting 
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DH0035/DH0035C 




DH3467C 



Digital Drivers 


DH3467C quad PNP core driver 

general description typical characteristics 


The DH3467C consists of four 2N3467 type PNP 
transistors mounted in a 14-pin molded dual-in-line 
package. The. device is primarily intended for core 
memory application requiring operating currents 
in the ampere range, high stand-off voltage, and 
fast turn-on and turn-off times. 


Turn-ON Time 

18 ns 

Turn-OFF Time 

45 ns 

Collector Current 

1 A 

Collector-Base Breakdown Voltage 

120V typ. 

Collector Saturation Voltage 
at l c = 1 A 

0.55 V 

Collector Saturation Voltage 
at l c = 0.5A 

0.31V 


connection diagram 

Dual-ln-Line Package 



Order Number DH3467CN 
See Package 17 



FIGURE 3. Qj Test Circuit 


7-20 



absolute maximum ratings 





Collector to Base Voltage 40V 

Collector to Emitter Voltage 40V 

Collector to Emitter Voltage (Note 1) 40V 

Emitter to Base Voltage 5V 

Collector Current — Continuous 1 .0A 

Power Dissipation (T A = 25°C) (each device) 0.85W 

Power Dissipation (T A = 25°C) (total package) 2.5W 

Operating Junction Temperature 150°C Max 

Operating Temperature Range 0°C to +85°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 




electrical characteristics (t a 

= 25°C, unless otherwise specified) 





LIMITS 


PARAMETER 

CONDITIONS 

MIN 

MAX 

UNITS 

Collector to Base Breakdown Voltage (BV cbo ) 

l c = 10;iA l E = 0 

-40 


V 

Emitter to Base Breakdown Voltage (BV EB o) 

l E = 10juA l c = 0 

-5.0 


V 

Collector to Emitter Breakdown Voltage 
(Note 1) (BV ceo ) 

l c = 10 mA l B = 0 

-40 


V 

DC Pulse Current Gain (Note 1) (h FE ) 

l c = 150 mA V CE ' -1.0V 

40 



DC Pulse Current Gain (Note 1) (h FE ) 

l c = 500 mA V CE - -1.0V 

40 

120 


DC Pulse Current Gain (Note 1) (h FE ) 

l c = 1.0 A V CE = -5.0V 

40 



Pulsed Collector Saturation Voltage (Note 1) (V CE(sat) ) 

l c = 150mA l B = 15mA 


-0.30 

V 

Pulsed Collector Saturation Voltage (Note 1) (V CE(sat) ) 

l c = 500 mA l B = 50 mA 


-0.50 

V 

Pulsed Collector Saturation Voltage (Note 1) (V CE(sat) ) 

l c = 1.0A l B = 100 mA 


-1.0 

V 

Pulsed Base Saturation Voltage (Note 1} (V BE(sat) ) 

l c = 150 mA l B = 15 mA 


-1.0 

V 

Pulsed Base Saturation Voltage (Note 1) (V BE(sat) ) 

l c = 500 mA 1 B = 50 mA 

-0.8 

-1.2 

V 

Pulsed Base Saturation Voltage (Note 1) (V BE(sat) ) 

l c = 1.0A l B = 100 mA 


-1.6 

V 

Collector Cutoff Current (l CBO ) 

V CB = -30V l B = 0 


100 

nA 

Collector Cutoff Current (Icbo(ioo°c) 

V CB = -30V l B = 0 


15 

ma 

Collector Cutoff Current (l CEX ) 

V CB = -30V V E8 - -3.0V 


100 

nA 

Base Cutoff Current (l BL ) 

V CB = -30V V EB = -3.0V 


120 

nA 

Total Control Charge (Figure 3) (Q x ) 

l c = 500 mA l B = 50 mA 


6.0 

nC 

Turn On Delay Time (Figure 1) (t d ) 

l c = 500 mA I B1 = 50 mA 


10 

ns 

Rise Time (Figure 1 ) (t r ) 

l c = 500 mA l B i =50 mA 


30 

ns 

Storage Time (Figure 2) (t s ) 

l c = 500 mA I B1 = l B2 = 50 mA 


60 

ns 

Fall Time (Figure 2) (t f ) 

1 q = 500 mA 1 g -| = 1 02 = 50 mA 


30 

ns 

Output Capacitance (f = 100 kHz) (C ob ) 

l E = 0 V CB = -10V 


25 

pF 

Input Capacitance (f = 100 kHz) (C ib ) 

l c = 0 V CB = -0.5V 


100 

pF 

High Frequency Current Gain (f = 100 MHz) (h fe ) 

l c = 50 mA V CE = 10V 

1.75 



Note 1 : Pulsed test, PW = 300/Lfs, duty cycle =1% 
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DH3467C 




DH3725C 



Digital Drivers 


DH3725C quad NPN core driver 


general description 


The DH3725C consists of four 2N3725 type NPN 
transistors mounted in a 14-pin molded dual-in line 
package. The device is primarily intended for core 
memory application requiring operating currents 
in the ampere range, high stand-off voltage, and 
fast turn-on and turn-off times. 


typical characteristics 


Turn-ON Time 18 ns 

Turn-OFF Time 45 ns 

Collector Current 1A 

Collector-Base Breakdown Voltage 120V typ. 
Collector Saturation Voltage 
at l c = 1 A 0.55V 

Collector Saturation Voltage 
at l c = 0.5A 0.31V 


connection diagram 

Dual-ln-Line Package 



Order Number DH3725CN 
See Package 17 


switching time test circuit 


_rr 


V,n = +97 
t, & t f < 1 ns 
PW^I is 


Z 1N = 50tt 
DUTY CYCLE < 2% 



l c ss 500 m A, Iqi 50 mA, \ q 2 555 50 niA 
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absolute maximum ratings 






Collector to Base Voltage 

80V 





Collector to Emitter Voltage 

80V 





Collector to Emitter Voltage (Note 1) 

50V 





Emitter to Base Voltage 

6V 





Collector Current — Continuous 

1.0A 





Power Dissipation (T A = 25°C) 

0.6W 





Power Dissipation (T c = 25°C) 

1.5W 





Operating Junction Temperature 

1 50°C Max 





Operating Temperature Range 

0°C to +85°C 





Storage Temperature Range 

-65°C to +1 50°C 





Lead Temperature (Soldering, 10 sec.) 

300°C 





electrical characteristics 

Each transistor (T A = 25°C, unless otherwise specified) 


PARAMETER 

CONDITIONS 

LIMITS 


MIN 

TYP 

MAX 

UNITS 


Collector to Emitter 
Sustaining Voltage (V CEO (sust) 

l c = 10 mA, l B = 0 

50 



V 

Collector to Emitter 
Breakdown Voltage (BV CES ) 

l c = 10/iA, V BE = 0 

80 



V 

Collector to Base 

! c = 10 mA, l E = 0 

80 



V 

Breakdown Voltage (BV cbq ) 

Emitter to Base 
Breakdown Voltage (BV ebo ) 

1 c = 0, l E = 10 uA 

6.0 



V 

Collector Saturation 

i c = 1 A, l B - 100 mA 


0.55 

0.95 

V 

Voltage (V CE (Sat) ) (Note 2) 

l c = 0.5A, l B = 50 mA 


0.31 

0.52 

V 

l c = 0.1 A, l B = 10 mA 


0.19 

0.26 

V 

DC Pulse Current Gain (h FE ) (Note 2) 

l c = 1A, V ce = 5V 

25 

65 




l c = 0.5A, V CE = IV 

35 

45 




1 c = 0.1 A, V CE - IV 

60 

90 

150 


Base Saturation 

l c = 1 A, l B = 100 mA 


1.10 

1.70 

V 

Voltage ( V BE (Sat) (Note 2) 

l c = 0.5A, l B = 50 mA 


0.95 

1.20 

V 


l c = 0.1 A, l B = 10 mA 


0.75 

0.86 

V 

Collector Cutoff Current (l CBO ) 

l E = 0, V CB = 60V 


0.33 

1.70 

mA 

Turn-ON Time 

l c = 0.5A, I B1 = 50 mA 
(See test circuit) 


18 

30 

ns 

Turn-OFF Time 

l c = 0.5A, I B1 = 50 mA 
1 B 2 = 50 m A 
(See test circuit) 


45 

60 

ns 

High Frequency Current Gain 

f = 100 MHz, lc = 50 mA, 
V C e = 10V 

2.5 

4.5 



Common Base, Open Circuit, Output 
Capacitance 

*e = 0, V CB = 10V 


4.8 

10 

pF 

Common Base, Open Circuit, Input 
Capacitance 

l c = 0,V BE = 0.5V 


40 

55 

pF 

Note 1: Ratings refer to a high-current point where coilector-to-emitter voltage is lowest. 



Note 2: Pulse conditions: Length = 300 ms, duty cycle = 1%. 
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DH3725C 




DH6376C 


Digital Drivers 


KIS 


DH6376C quad NPN core driver 


DESCRIPTION CONNECTION DIAGRAM 

The DH6376C consists of four 2N6376 type NPN 
transistors mounted in a 14-pin molded dual-in-line 
package. The device is primarily intended for core 
memory application requiring operating currents 
in the ampere range, and fast turn-on and turn-off 
times. Also available in ceramic dual-in-line as 
DH6376. 


TYPICAL CHARACTERISTICS 

Turn-On Time 12 ns 

Turn-Off Time 28 ns 

Collector Current 1A 

Collector-Base Breakdown Voltage 110V typ. 
Collector Saturation Voltage 

at I c = 1A 0.48V 

Collector Saturation Voltage 

at l c = 0.5A 0.31V 


ABSOLUTE MAXIMUM RATINGS 


Collector to Base Voltage 75V 

Collector to Emitter Voltage (Note) 40V 

Emitter to Base Voltage 6V 

Collector Current — Continuous 1.0A 

Power Dissipation (T A = 25°C) each device 0.85W 

Power Dissipation (T A = 25°C) total package 2.5W 

Operating Junction Temperature 150°C Max 

Operating Temperature Range 0°C to +85° C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300 C 


Note: Ratings refer to a high-current point where collector-to-emitter voltage is lowest. 


Dual-1 n-Line Package 



TOP VIEW 

Order Number DH6376CN 
See Package 17 
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ELECTRICAL CHARACTERISTICS 

Each transistor (T A = 25°C, unless otherwise specified) 


PARAMETER 

CONDITIONS 

LIMITS 

UNITS 

MIN 

TYP 

MAX 

Collector to Emitter Sustaining Voltage 
( V CEO (sust) ) 

1 c = 10mA. 1 g —0 

40 



V 

Collector to Base Breakdown Voltage 
(BV cbo ) 

l c = 10 mA, l E = 0 

75 



V 

Emitter to Base Breakdown Voltage 
(BV ebo ) 

l c = 0, l E = IOmA 

6.0 



V 

Collector Saturation Voltage (V CE(SAT) ) 

l c = 1 A, l B - 100 mA 


0.48 

0.55 

V 

(Note 1) 

l c = 0.5A, l B = 50 mA 


0.31 

0.4 

V 


! c - 0.1 A, l B = 10 mA 


0.19 

0.25 

V 

DC Pulse Current Gain (h FE ) (Note 1) 

l c = 1 A, V CE = IV 

20 





l c = 0.5A, V CE = IV 

30 


90 



l C =0.1A, V CE = IV 

60 




Base Saturation Voltage (V BE(SAX) ) (Note 1) 

l c = 1 A, l B = 100 mA 


1.05 

1.20 

V 


l c = 0.5A, l B = 50 mA 


0.93 

1.00 

V 


l c * 0.1 A, l B = 10 mA 


0.75 

0.80 

V 

Collector Cutoff Current (l CBO ) 

l E =0, V CB = 60V 



0.5 

MA 

Turn-ON Time 

l c = 0.5A, I B1 =50 mA 
(See test circuit) 

10 

12 

20 

ns 

Turn-OFF Time 

l c = 0.5A, I B1 =50 mA, l B2 = 50 mA 
(See test circuit) 

20 

28 

35 

ns 

High Frequency Current Gain 

f = 100 MHz, l c = 50 mA, V CE = 10 V 

3.0 




Common Base, Open Circuit, Output Capacitance 

l E = o, V CB = 10V 



9 

pF 

Common Base, Open Circuit, Input Capacitance 

l c =0, V BE =0.5V 



60 

pF 


Note 1: Pulse conditions: Length = 300ms, duty cycle = 1%. 


TYPICAL PERFORMANCE CURVES (each transistor) 


DC Current Gain vs 
Collector Current 



10 100 1000 
l c - COLLECTOR CURRENT (rnA) 


V CE(SAT)« Collector 
Saturation Voltage 



10 100 1000 
l c - COLLECTOR CURRENT (mA) 


VbE (SAT). Base 
Saturation Voltage 



10 100 1000 


l c - COLLECTOR CURRENT (mA) 
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DH6376C 






TYPICAL PERFORMANCE CURVES (Con't) (each transistor) 


Vbe(oN)' Base Emitter 

On Voltage 



10 100 1000 


l c - COLLECTOR CURRENT (mA) 


Capacitance vs Reverse 
Bias Voltage 



0.1 1.0 10.0 50.0 

REVERSE BIAS VOLTAGE (V) 


toff vs Ambient 
Temperature 



-60 -30 0 30 60 90 120 


T a - AMBIENT TEMPERATURE (°C) 


BVceR vs r be 



Rbe. (Li) 


Switching Times vs 
Collector Current 



100 300 500 1000 

l c - COLLECTOR CURRENT (mA) 


Maximum Power 
Dissipation vs 
Ambient Temperature 



Safe Operating Area 



Vcb.IV) 


Turn On and Turn Off 
Times vs Collector Current 



100 200 500 100C 

l c - COLLECTOR CURRENT (mA) 


Maximum Power 
Dissipation vs 
Case Temperature 



| 0 50 100 1 50 200 


T c - CASE TEMPERATURE (°C) 





Power Supplies 


PSM6501 ±15V, 100mA power supply module 


general description 

The PSM6501 is a ±15V modular power supply 
capable of continuously delivering 100 mA DC 
minimum. The required input voltage is 105V to 
125V AC at 50 Hz to 440 Hz. This supply 
incorporates short circuit protection, thermal shut- 
down protection to prevent thermal runaway and 
safe operating area compensation in the output 
devices to limit internal power dissipation. Inte- 
grated circuits are used extensively to improve 
reliability. 


features 

■ Complete compact plug-in module 

■ Excellent line and load regulation 

■ AC input, DC output 

■ Output short circuit protection 

■ Thermal shutdown — avoids runaway 

■ Safe area compensation 


equivalent circuit 



typical application 


Operational Amplifier Power Supply 



Order Number PSM6501 

(For Matching Socket Order Part Number SKT0001 ) 
See Package 34 
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PSM6501 




PSM6501 



Note 1 : All parameters apply for T/\ = 25 U C, V | = 115 Vrms @ 60 Hz, unless otherwise noted. 


The PSM6501 replaces the following part types: | 

902 

ZM15100 

543 

MD15D 

2212 

P1 106 

LCD2. 15.100 
SP5902 

SE902 






Physical Dimensions 

(All dimensions are in inches.) 


0.730 


0.730 


GLASS 


GLASS 


r nil nil rrn ra m nn 

I 

SlIislRIiilPIlfTTlRfT 



f 

0.280 

MAX 

te [ 


1 t 
0.280 
MAX 

1 i 

UJ HI UJ l±j LU LU Lzj 

!l) UJ HT UJ 111 HI HI 1 1 

J 



Package 1 

14 Lead Cavity DIP (D) 


Package 2 

16 Lead Cavity DIP (D) 



Package 3 


Package 5 


10 Lead Flat Package (F) 14 Lead Flat Package (F) 


16 Lead Flat Package (F) 


T~ 

0.170 

MAX 


EF *I 




T DD 


TIT 


* 

0.022 

0.030 


-Ik. 


LEADS 0.017 DIA 


0.200 TYP— — | 



0.060 DIA TYP 




12 LEADS 



SEATING PLANE 


0.016 

0.019 


0.209 , 

0.230~*n 


0.175 _ 
'0.195 


0.170 

0.210 



MIN 



Package 6 

12 Lead TO-8 Metal Can (G) 


Package 7 

12 Lead TO-8 Metal Can (G) 
(AH21 14/AH21 14C only) 


Package 8 

4 Lead TO-72 Metal Can (H) 




Lj * 

rsfflh 

T 1 1 K- 

0.019 

0.016 



“EXCEPT FOR LH0024 

0.165 

""STANDOFF NOT INCLUDED ON HYBRIDS. 

Package 9 

8 Lead TO-5 Metal Can (H) 


) II 


l uitii 
! o 

\ 10 LEADS |-« — 

t 

0.160 



Package 10 

10 Lead TO-5 Metal Can (H) 
(Low Profile) 



Dimension is 0.155/0.185 lor all products except as 
follows: 0.260/0.290 for LH0001H/LH0001CH, LH0003/ 
LH0003CH, and LH0004/LH0004CH; 0.240/0.260 for 
LH0005AH/LH0005H/LH0005CH; 0.180/0.210 for 
MH0007H/MH0007CH. 


Package 1 1 

10 Lead TO-5 Metal Can (H) 
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Package 12 


Package 13 


8 Lead Cavity Package (J) 


14 Lead Cavity DIP (J) 


r 

0.875 MAX_ 
DIA ■*! 

u 

0.355 
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t_ 
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PIN NO. 1 INDENT 




Package 14 

8 Lead TO-3 Metal Can (K) 


Package 15 

8 Lead Molded Mini DIP (IM) 
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Package 16 

10 Lead Molded DIP (N) 


Package 17 

14 Lead Molded DIP (N) 





Package 18 


Package 19 


16 Lead Molded DIP (N) 


Molded Module 


INCHES TO MILLIMETERS CONVERSION TABLE 

INCHES 

MM 

INCHES 

MM 

INCHES 

.001 

.0254 

.010 

.254 

.100 

.002 

.0508 

.020 

.508 

.200 

.003 

.0762 

.030 

.762 

.300 

.004 

.1016 

.040 

1.016 

.400 

.005 

.1270 

.050 

1.270 

.500 

.006 

.1524 

.060 

1.524 

.600 

.007 

.1778 

.070 

1.778 

.700 

.008 

.2032 

.080 

2.032 

.800 

.009 

.2286 

.090 

2.286 

.900 


Package 20 
Molded Module 











National Semiconductor Corporation 

2900 Semiconductor Drive 
Santa Clara, California 95051 
(408) 732-5000 
TWX: 910-339-9240 


National Semiconductor Electronics SDNBHD 

Batu Berendam 
Free Trade Zone 
Malacca, Malaysia 
Telephone: 5171 

Telex: NSELECT 519 MALACCA (c/o Kuala Lumpur) 


National Semiconductor GmbH 

D 808 Fuerstenfeldbruck 
Industriestrasse 10 
West Germany 
Telephone: (08141) 1371 
Telex: 27649 


National Semiconductor (UK) Ltd. 

Larkfield Industrial Estates 
Greenock, Scotland 
Telephone: (0475) 33251 
Telex: 778 632 


NS Electronics (PTE) Ltd. 

No. 1100 Lower Delta Rd. 
Singapore 3 
Telephone: 63001 1 
Telex: 21402 


REGIONAL AND DISTRICT SALES OFFICES 


ALABAMA 

DIXIE DISTRICT OFFICE 
3322 Memorial Parkway, S.W. #67 
Huntsville, Alabama 35802 
(205) 881-0622 
TWX: 810-726-2207 

ARIZONA 

ROCKY MOUNTAIN REGIONAL OFFICE 
7349 Sixth Avenue 
Scottsdale, Arizona 85251 
(602) 945-8473 
TWX: 910-950-1195 

CALIFORNIA 

NORTH-WEST REGIONAL OFFICE 
2680 Bayshore Frontage Road, Suite 112 
Mountain View, California 94043 
(415) 961-4740 
TWX: 910-379-6432 

NATIONAL SEMICONDUCTOR 
DISTRICT SALES OFFICE 
Valley Freeway Center Building 
15300 Ventura Boulevard, Suite 305 
Sherman Oaks, California 91403 
(213) 783-8272 
TWX: 910-495-1773 

NATIONAL SEMICONDUCTOR 
SOUTH-WEST REGIONAL OFFICE 
17452 Irvine Boulevard, Suite M 
Tustin, California 92680 
(714) 832-8113 
TWX: 910-595-1523 


CONNECTICUT 

AREA OFFICE 
Commerce Park 
Danbury, Connecticut 06810 
(203) 744-2350 

DISTRICT SALES OFFICE 
25 Sylvan Road South 
Westport, Connecticut 06880 
(203) 226-6833 


INTERNATIONAL SALES OFFICES 

AUSTRALIA 

NS ELECTRONICS PTY, LTD. 

Cnr. Stud Road & Mountain Highway 
Bayswater, Victoria 3153 
Australia 

Telephone: 729-6333 
Telex: 32096 


CANADA 

NATIONAL SEMICONDUCTOR CORP. 
1111 Finch Avenue West 
Downsview, Ontario, Canada 
(416) 635-9880 
TWX: 610-492-1334 


DENMARK 

NATIONAL SEMICONDUCTOR 
SCANDINAVIA 
Vordingborggade 22 
2100 Copenhagen 
Denmark 

Telephone: (01) 92-OBRO-5610 
Telex: DK 6827 MAGNA 


FLORIDA 

AREA SALES OFFICE 

2721 South Bayshore Drive, Suite 121 

Miami, Florida 33133 

(305) 446-8309 

TWX: 810-848-9725 

CARIBBEAN REGIONAL SALES OFFICE 
P.O. Box 6335 
Clearwater, Florida 33518 
(813) 441-3504 

ILLINOIS 

NATIONAL SEMICONDUCTOR 
WEST-CENTRAL REGIONAL OFFICE 
800 E- Northwest Highway, Suite 203 
Mt. Prospect, Illinois 60056 
(312) 394-8040 
TWX: 910-689-3346 

INDIANA 

NATIONAL SEMICONDUCTOR 
NORTH-CENTRAL REGIONAL OFFICE 
P.O. Box 40073 
Indianapolis, Indiana 46240 
(317) 255-5822 

KANSAS 

DISTRICT SALES OFFICE 
13201 West 82nd Street 
Lenexa, Kansas 66215 
(816) 358-8102 

MARYLAND 

CAPITAL REGIONAL SALES OFFICE 
300 Hospital Drive, No. 232 
Glen Burnie, Maryland 21061 
(301) 760-5220 
TWX: 710-861-0519 

MASSACHUSETTS 

NORTH-EAST REGIONAL OFFICE 
No. 3 New England, Exec. Office Park 
Burlington, Massachusetts 01803 
(617) 273-1350 
TWX: 710-332-0166 


ENGLAND 

NATIONAL SEMICONDUCTOR (UK) LTD. 
The Precinct 

Broxbourne, Hertfordshire 
England 

Telephone: Hoddesdon 69571 
Telex: 267-204 

FRANCE 

NATIONAL SEMICONDUCTOR 
FRANCE S.A.R.L. 

28, Rue de la Redoute 
92260-Fontenay-Aux-Roses 
Telephone: 660-81-40 
TWX: NSF 25956F 

HONG KONG 

NATIONAL SEMICONDUCTOR 
HONG KONG LTD. 

9 Lai Yip Street 
Kwun Tung, Kowloon 
Hong Kong 
Telephone: 3-458888 
Telex: HX3866 

CP50M54 


MICHIGAN 

DISTRICT SALES OFFICE 
23629 Liberty Street 
Farmington, Michigan 48024 
(313) 477-0400 

MINNESOTA 

DISTRICT SALES OFFICE 
8053 Bloomington Freeway, Suite 101 
Minneapolis, Minnesota 55420 
(612) 888-3060 
Telex: 290766 

NEW JERSEY/NEW YORK CITY 

MIDrATLANTIC regional office 
301 Sylvan Avenue 
Englewood Cliffs, New Jersey 07632 
(201) 871-4410 
TWX: 710-991-9734 

NEW YORK (UPSTATE) 

CAN-AM REGIONAL SALES OFFICE 
104 Pickard Drive 
Syracuse, New York 13211 
(315) 455-5858 

OHIO/PENNSYLVANIA/ 

W. VIRGINIA/KENTUCKY 

EAST-CENTRAL REGIONAL OFFICE 
Financial South Building 
5335 Far Hills, Suite 214 
Dayton, Ohio 45429 
(513) 434-0097 

TEXAS 

SOUTH-CENTRAL REGIONAL OFFICE 
5925 Forest Lane, Suite 205 
Dallas, Texas 75230 
(214) 233-6801 
TWX: 910-860-5091 

WASHINGTON 

DISTRICT OFFICE 
300 120th Avenue N.E. 

Building 2, Suite 205 
Bellevue, Washington 98005 
(206) 454-4600 


JAPAN 

NATIONAL SEMICONDUCTOR JAPAN 

Nakazawa Building 

1-19 Yotsuya, Shinjuku-Ku 

Tokyo, Japan 160 

Telephone: 03-359-4571 

Telex: J 28592 

SWEDEN 

NATIONAL SEMICONDUCTOR SWEDEN 

Sikvagen 17 

13500 Tyreso 

Stockholm 

Sweden 

Telephone: (08) 712-04-80 

WEST GERMANY 

NATIONAL SEMICONDUCTOR GMBH 


8000 Munchen 81 
Cosimstrasse 4 
Telephone: (0811) 915-027 


c 1974 NATIONAL SEMICONDUCTOR CORP. PRINTED IN U.S.A. 





